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Abstract
The aim of this thesis is to analyze the science of taxonomy, its development through time, and how
effectively it is communicated to the non-scientific public. Taxonomy is the science of classification of
organisms of any kind, living and extinct. Taxonomy helps to understand the phylogenetic relationships
and the evolution of organisms. Because of this, taxonomy is a fundamental discipline to understand life
on Earth and all biological sciences depend on it to achieve their individual goals of helping humankind
in their continual struggle for survival.
As a discipline, taxonomy has existed from the start of civilization, and has adapted itself to each new
discovery in the domain of biology, expressing in its organization people’s vision of the living world and
their place on it. Current taxonomy theories are sustained by the Linnaean classification and the
Cladistic method. Using these present models, modern taxonomy has achieved a stable but open state,
able to allow new knowledge and self corrections, without risking the integrity of its methods.
Despite all this, most non-specialist people remain unaware of the immensity and variety of life on Earth
and, most important, on how dependent people are on each and every species around them. The
research made during this thesis shows that mass media, such as nonfiction books, school texts, and the
Internet, for a series of reasons, do not accomplish the task of communicating the science of taxonomy
in a way that makes the non-specialist public be aware of its importance and the importance of its
subject of study: life.
In this context, this thesis proposes the creation of a new communication tool, devised to focus only on
topics related to the classification of life, and its presentation to any kind of public. The Tree of Nature
website is conceived as an online encyclopedia of life, which structures itself on the Darwinian tree of
life and the Cladistic method to show a consistent abstract of the history of life on Earth. This website is
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based mainly on visuals, avoiding excessive text, scientific jargon and complications related to the laws
of hypertext that make other websites difficult and not encouraging to explore. After completing the
essential sections of the website, and trying it on specialists in taxonomy and the general public twice,
the conclusion is that The Tree of Nature is an effective, although still uncompleted, tool to approach
the topic of taxonomy to the general public. Several new additions and corrections will be applied on
the medium term to improve the site in all its qualities.
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Chapter 1: What is Taxonomy?

1.1. Introduction
The date is Friday the fifth of May, 2011, 12:00 p.m. In front a room half full with science
communication students and staff, I show in the screen an image of the well-known caricature character
Pikachu (the yellow pet from Pokémon) and I ask the public “How many people in this room know what
this animal is?”
All of them, even the older teachers, raised their hands immediately, just as I expected. Then I changed
to another image, this time a photo of a real animal called the Bilby, a creature similar to the Pikachu in
many features, and I asked the same question. This time, less than a quarter of the room raised their
hands. The public was composed totally by adults, all of them with a scientific background. However,
regardless these conditions, the fictional character overwhelmed the real animal by four to one.
This “social experiment” confirmed to me a hypothesis that was wandering in my head from a long time
ago: “People are not concerned about the variety of life amongst them”, added a new statement to it:
“Even the people who are supposed to be concerned”, and also gave me a new hypothesis: “Maybe
because it is something not directly related with people’s immediate needs.”
This has been just one of several experiences of the same kind that I have had since my adolescence.
Once, a lady asked me: “What is the difference between a jellyfish and an amoeba?” She was a fiftyyear-old nurse, so someone supposed to have some concepts of microbiology, but she was asking this
question to me, a fifteen-year-old school boy. Another time a couple asked me: “Where do red tides
come from?” I answered: “They are caused by a bloom of plankton” and they looked at me as if I were
speaking in Swahili or about things from another planet. I explained to them what plankton was and why
it was responsible for red tides, and they just answered: “We do not have any reason to know about
1

these kinds of things”. In this moment I just looked out through the window and saw the ocean a few
meters down the hill and a harbor full of fishermen boats, but I decided to keep silent; I had lots of
questions to worry about in my mind.
These were questions like: Why are most people ignorant about life around them, even when this life
affects directly their life? Which are the systems or the media in charge to show and communicate the
variety of life to people? Are these media failing?
As the aquaculture engineer I was being trained to be, I had been introduced to the zoology of the sea,
and the tool for understanding it was the classical tree showing the order and classification we have
given to (or discovered for) organisms. The most fascinating feature of this apparently simple scheme
was that it not only had the purpose to put order to all the creatures mentioned there, but that this tree
was actually telling a story. This was the story of how life had fought its way through the thousand and
one dangers the Earth has thrown to it, and how the answer to all and each one of these dangers was
always a new form of life. Sometimes these life forms were beautiful, sometimes fascinating, and
sometimes terrible. Sometimes they were so successful that they have survived even until today, and
sometimes they were just a good try which had its time of glory, its end, and its legacy. Soon after, I
found out that this tree was actually the visible tool used by a whole science, a science with a story,
heroes, challenges, and incredible discoveries.
This is the science called Taxonomy, and this is what these pages are about. In the next sections I would
like to analyze taxonomy. What it is, how it works, why it is important to science and to people, how it
has developed through time; and the most important point, how this science has been communicated
and shown to people.
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1.2. What is Taxonomy?
“Taxonomy: Theory and practice of grouping individuals into species, arranging species into larger
groups, and giving those groups names, thus producing a classification.”
Judd et al., Taxonomy. In Plant Systematics - A Phylogenetic Approach, 2007

"Systematic biology" and "taxonomy" (terms that are often confused and used interchangeably) were
defined in relationship to one another as follows:
“Systematic biology (hereafter called simply systematics) is the field that (a) provides scientific names for
organisms, (b) describes them, (c) preserves collections of them, (d) provides classifications for the organisms,
keys for their identification, and data on their distributions, (e) investigates their evolutionary histories, and (f)
considers their environmental adaptations. This is a field with a long history that in recent years has
experienced a notable renaissance, principally with respect to theoretical content. Part of the theoretical
material has to do with evolutionary areas (topics e and f above), the rest relates especially to the problem of
classification. Taxonomy is that part of Systematics concerned with topics (a) to (d) above.”

Michener, Charles D. et al., (1970). Systematics In Support of Biological Research. Division of Biology and
Agriculture, National Research Council. Washington, D.C. 25 pp

To answer the question stated in the title, the best exercise is to ask yourself another question: what do
we do when confronted by something we do not know?
One evening, I was walking through my boarding house just thinking about the immortality of the crab,
when I suddenly saw a strange spot on the front door. It was, as if a piece of another kind of wood was
inserted in the door wood. I approached a little, and I realized that this spot had the form of the wings of
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a butterfly-like insect. I approached a little more, and I was able to see the little antennae of a moth,
hidden behind the wings. In this moment I finally realized: “It’s a moth!”
When I realized this, I also became able to see why this moth was like this. The design of its wings had
the purpose of imitating the wood of a tree (maybe a specific one) and the position this insect was
taking had the purpose of hiding any clue about what it really was (like its antennae). If this creature was
settled on a real tree I surely would not have been able to see it. It was a perfect example of camouflage
against predators.
In this moment, because of this little insect, I understood two main things. First, that despite I do not
know, even now, what species or kind of moth this one is, I could have a general concept about what
was in front of me because of some essentials. It was just as Plato said thousands of years ago:
“Although there are different sorts of tables, the essence of “table” is a flat surface supported by
legs.”(Arms and Camp 1982). There are many kinds of tables adapted to many kinds of purposes, just as
there are many kinds of moths adapted to living in many kinds of landscapes. Some of their
characteristics may suffer changes because of this adaptation, but there will be always some basic and
structural features which will tell us where do these beings come from. Think about people who travel
from one country to another, maybe these people will change their dressing, habits, behavior, or even
lose their culture and identity completely, but their shape, skin color, and accent will always make their
origin evident. Scientists call these essential characteristics homologies (Tudge 2000).
Second, and most important, was that at the moment when I could identify what I was seeing, I started
being able to understand it.
So, in simple words, taxonomy can be defined by three concepts: comparing, classifying, and naming
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First, to understand what I was seeing, I had to compare it to something I knew from before: a butterflylike insect. After comparing, I could realize that it was actually not a butterfly, but an insect that had
wings like butterflies, and a kind of antennae that only one group of insects in the world have, so I
classified this animal in this group. And finally, once this creature was compared and classified, I finally
could give it a name: “It’s a moth!”
These three simple ideas are the basis for the classification of all known organisms, the base for the
entire tree of life, and the different methods which have been used to construct it.

1.3. The Importance of Taxonomy
These three concepts may sound simple, and may suggest that this science is only moved by the wish of
exploring, discovering, and giving an order to living things. In part, this is true, but actually, taxonomy is
much more important than this.
First of all, the best way to understand what life is, for scientists as well as for non-scientific people, is to
know it in all its diversity and the tree of life is the most direct tool to show this to people. As I
mentioned before, the schematics of the tree of life tell in a simple way how natural selection has driven
the evolution of life through its species. A modern cladistic tree (I will talk about Cladistics later) can
even show the appearance of new species one by one as they divide, showing with it all the process,
step by step, that drove a creature to give birth to something relatively different (Dennet 1996).
Second, is the importance to other biological sciences: “If the physiologist or doctor wants to study the
organism most similar to humans, taxonomists point to the chimpanzee, our closest relative. If
ecologists want to study how a particular symbiotic relationship developed, they depend on the
systematist for accurate classification of their organisms. Systematics provides the framework or
5

scaffold on which all the rest of biology is based. Without it, biology is just a bunch of unconnected facts
and observations.” (Prothero 2007).
Most important is its importance to us as people. If I was sick in this moment and I went to the hospital,
it would be of vital importance to understand what was causing the sickness inside me. It would matter
if my sickness was caused by a tapeworm or by bacteria; both of them would represent different risks
and both of them would require a different method to get rid of them without risking my health.
We depend in thousands of different ways on organisms. They provide us with food, medicines, fuels,
materials, and uncountable solutions for our lives, but what can we expect from animals or plants if we
do not know what they are? Once we give a name to a new creature, we can understand it, and once we
understand it, we can make it useful (Dunn 2008; Yoon 2009).
Maybe you could say “I know your name and species but I do not understand you”. Actually, you do. You
know what to expect inside me if you open me with a knife, you know how my body works, you know
where the organs that sustain my life are, and you know that I depend on oxygen, water and organic
matter to live (some creatures do not). You know how to kill me and you know how to save me. You also
know that you can sustain a dialog with me, that you can expect me to resolve complex problems, to
make judgments and to express some degree of creativity. From my name, Álvaro García, maybe you
could deduce that I came from Latin ancestors, maybe from a Latin country, and maybe I even can speak
Spanish. This is the way you understand me.
The amount of information that a simple name as Homo sapiens can contain is huge. As we will see in
the next chapter, this is part of the logic that makes the systems of today’s taxonomy so accurate and
successful.
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Chapter 2: The History of Taxonomy
“Systems of classification are not hat racks, objectively presented to us by nature. They are dynamic
theories developed by us to express particular views about the history of organisms.”
Natural History, Steven Jay Gould, 1987 (Natural History, Steven Jay Gould 1987)

2.1. The Evolution of Taxonomy
Taxonomy was born from the need to order the organisms on Earth. People needed to identify creatures
for practical reasons. As I said just before, we depend on living beings of all kinds in many ways, but
what can we expect from the creature in front of us if we do not know what it is? Primitive cultures in
general, classified animals and plants as “Useful, Useless, and Dangerous” (Dunn 2008). Aristotle would
be the one who established the basal concept of modern classification. While others just tried to divide
creatures in parallel groups, he established a hierarchical system of eleven groups, in which each bigger
hierarchical level was more inclusive than the smaller, just the way that a country has many cities and a
city many houses, and so on (Audesirk and Audesirk 1993).
The logic he used to devise this system is nowadays something so established that we use it every day
without even noticing it. This is the logic of “the concept behind the object”. As I mentioned before with
the example of the table, it does not matter if you see a dining table, a pool table, or a desk table, it
does not matter if it is black, big, metallic, or round. In the moment you see the basic structure of one
flat base sustained by at least one limb, you automatically will know that this is a table, because the
abstract concept of “table” inside your mind will fit the characteristics you see in the objects in the
physical world (Arms and Camp 1982).
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In the same way, if you see a flamingo, a hawk, and a hummingbird, you will also see their feathers,
wings, and beaks, and despite all the other differences, you will automatically know that the three of
them are birds. If you see a cockroach, a mantis, and a fly, which are superficially drastically different,
you will almost instinctively classify them as “insects” or “bugs” just because of their size, their armored
body, their six legs, and maybe their eyes. So this mental process is terribly useful for the art of
classifying, and this is the logic that scientists use even today to do the task. A lot of the works done by
taxonomists focus on distinguishing the characteristics which show clues about the ancestry of an
organism (homologies), from the features that were just acquired to adapt the previous structures to a
specific environment (homoplasies) (Tudge 2000).
Curiously, with centuries, the logic of levels was forgotten. Scientists of the 1600s would try to design
systems based on the most simple characteristics, like for example “Fliers, Aquatics, and Terrestrials” or
“Big and Small” or groups defined according to their number of legs (Prothero 2007). These kinds of
systems could work for a while, but in the Renaissance, this simple logic began to fail. Hundreds of new
species reports arrived in Europe from the new world and other unknown lands; there was not an
international official system for naming organisms, and common names for every creature discovered
just became too confusing. It is simple to use vernacular names to distinguish ants from beetles, but
how can you distinguish a dozen species of ants? Worse than this, some species were more ubiquitous
than others. So, if five people from five different countries with five different languages saw the same
seal on their coasts, all of them would name it in a different way. In the 1700s, scientists tried to avoid
this problem with long descriptive names, with the intention of making every species recognizable, but
soon they finished with names like “North African Big Flat Opaque Red Peregrine Herbivore Army Ant”.
Of course, something better had to be possible (Dunn 2008).
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The man who came to the rescue is now remembered as Carolus Linnaeus (Carl Von Linné). He
recognized the necessity of a simple and universal system, and guided by his notion of a “divine mission”
he gave himself the task of designing this new system and renaming every species on Earth. During most
of his life he traveled across Europe and then sent his students around the world to collect any specimen
they could find. By the end of his life he had given names to around ten thousand species. Today it is
estimated that the number of species in the world is around fifty million, but for Linnaeus, this
ignorance should be bliss (Pagel 2002).
For putting an order to all the wave of creatures he discovered, he needed a system sufficiently accurate
and universal that any scientific person could understand and use it. As a universal language, he chose
Latin. Then he designed a system still known today as “binomial” where for every species only two
words were used as a name: a generic word, as for example Homo, and a representative word, such as
sapiens. The word sapiens could be used for many species of many different kinds, but the word Homo
was unique, and in combination with sapiens it represented a single and identifiable creature. Finally
Linnaeus decided to revise Aristotle’s hierarchy and classify every creature he would find according to
six main levels: Variety-Species-Genus-Order-Class-Kingdom, Kingdom being the biggest and most
inclusive (Pagel 2002).
This system had so many advantages that it is still used today with just a few changes (like new levels
between or even above the ones used by Linnaeus). First, the binomial system was universal. Second, it
was versatile, thus allowing new discoveries and changes to be included easily. And third and more
important, it gave lots of information in just a few words. For illustrating this last concept I will use the
classic example of the human species:
1. Domain= Eukarya  All organisms with a nucleus and identifiable organelles in their cells.
2. Kingdom= Animalia  All eukaryotes that ingest their food.
9

3. Phylum= Chordata  All animals with a backbone or at least a central notochord.
4. Class= Mammalia  All chordates which give milk to their breed.
5. Order= Primates  All mammals with opposing thumbs for gripping or manipulating objects.
6. Family= Hominidae  All primates with partial or total bipedal posture.
7. Genus= Homo  Hominids with some degree of speaking ability.
8. Species= Homo sapiens  The hominid species with a complex language system. (Moody 1980)
Linnaeus’ system not only resolved the problem of naming for classifying, but also caused changes in the
mentality of the time.
This new hierarchical view of the natural world gave people the notion of inferior and superior beings,
with worms and insects at the bottom of the scale, and humans at the top as the most perfect and the
central characters in the history of Earth. This mentality was so strong, that when Lamarck later started
his own theory of evolution (fifty years before Darwin), he ordered the organisms in some kind of
“ladder” starting with invertebrates and finishing with God. According to him, there was some kind of
fixed path of evolution. Worms and insects would someday become rats, rats superior mammals,
superior mammals maybe monkeys, monkeys men, and finally men would become angels (Osborne and
Benton 1998).
The vision of the “Tree of Life” as we know it was devised by Darwin himself. As he made overwhelming
arguments for evolution and tried to portray a theory to explain why and how it happened, he realized
that Linnaeus’ classification fitted really well with the logic of evolution by natural selection, especially in
the point of groups within groups. This vision made possible to classify any new discovered taxa inside a
group or between two of them. Natural classifications would be one of his strongest proofs and
arguments for evolution in his time. His vision of evolution was not a ladder; it was a bush, where
species did not morph into another but divided into new groups with different characteristics. This
10

phenomenon is called today cladogenesis. No organism was better or more perfect than another; they
just changed according to what capabilities they needed to survive (Prothero 2007; Darwin 1859).
Following this logic we can understand why so many species have become extinct, as well as why
complex and simple species, and even apparent ancestors and descendants, live together at the same
time. If a determined population of a species encounters new challenges (for example after travelling to
a new landscape), this specific population would see itself forced to adapt to survive these challenges.
Consequently, there are changes in their behavior, anatomy, physiology, or even chemistry. So when the
cumulative changes become too great for that population to breed with the rest of the original species,
we can speak about speciation, or the appearance of a new species, due to natural selection. In this case
the two species are adapted to different challenges, so they can still exist at the same time, without
excluding each other (Darwin 1859).
In other cases, new challenges affect the entire population of the species. Here, just some of their
members, having already one or a few characteristics which gave them better possibilities to survive,
pass these features to new generations. After a few generations, all the new population will have these
key characteristics, the rest having become extinct. This is also an example of evolution by natural
selection, where the survivor was not perfect, but the best prepared to fit the environment.
One of the best examples of this process is the well-known Galapagos finches’ case. The fact of living in
a group of islands isolated from the continent and from one another has allowed a prime group of
finches to adapt to the individual conditions of each island. This phenomenon has produced specialized
varieties and species existing only in the Galapagos. Recent studies have shown how in some cases
natural selection changes can be quick enough to be registered and measured. This is the case of the
finches’ beak, which has adapted its size and shape to several different lifestyles (Weiner 1994).
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This phenomenon, in which a population is completely replaced by a new one with new genes, is called
anagenesis (Darwin 1859; www.Palaeos.org/Fundamental_concepts_of_Cladistics).
In both cases, the new species may not look externally different to the original ones, but these tiny
changes are the difference between life and death. This is how new pesticide-resistant insects and new
antibiotic-resistant bacteria have taken the place of their non-resistant ancestors. The tree of life has to
be understood as an always dividing path, where most of the time one of the two branches becomes
extinct, and in some cases both branches stay alive together (Dennet 1996).
After Darwin used the concept of the Tree of Life for the first time in his book, The Origin of Species,
there have been many changes to this tree through time, not only in its form, but also in the ways of
understanding and interpreting it.
Until 1970, the current Trees of Life in school books still finished with the category of kingdom, and only
showed two kingdoms: Animals and Plants. Fungi and bacteria were considered plants, and protozoa
were classified as animals or plants according to their ability to photosynthesize or not. Later studies
revealed that fungi were actually more similar to animals than plants. Fungi did not photosynthesize, but
absorbed organic material, decomposing it with special enzymes and then taking the resultant
substances directly within their cells (Tolweb.org/fungi). So fungi were put in their own kingdom called
the Fungi. The development of electron microscopes showed great differences between bacteria and
the rest of known creatures. While all known creatures, even microscopic protozoa, had a nucleus in
their cells, separating their genes from the rest of the cell’s contents, bacteria lacked this characteristic
and had their DNA just floating in their cell fluids. This “little” difference would be enough to give them
their own kingdom, called the Monera, including all prokaryotic (before nucleus) organisms. After these
discoveries, a fifth kingdom, the Protists, was established, more for practical reasons than anything else.
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This kingdom would include all the unicellular organisms (or tiny groups of cells) that had a real nucleus,
just to separate them clearly from bacteria (Audesirk and Audesirk 1993).
This vision would be accepted for several years, and even today many school books still show the five
kingdom division, but soon new facts would change this understanding of life completely.

“In truth, we are no more the center of Earth’s biological universe than Earth is the center of the physical
universe.”
Beyond UFOs, Jeffrey Bennet, 2008, p.63

“Chemically, we are more similar to some bacteria than some bacteria are to other bacteria.”
The Ancestors Tale, Richard Dawkins, 2004, p. 553

At the end of the seventies, the story of life was still a story of big creatures, with the invisible world of
microscopic organisms just serving as secondary actors far in the background. Carl Woese would change
this perspective. Classification techniques based on deoxyribonucleic acid (DNA) were starting to be
used at the time. The most popular was the DNA-DNA hybridization technique, where the double helices
of two similar organisms were separated by heat and then cooled slowly, so the two DNA strands joined
with each other into just one strand. The more the two genomes hybridized, the closer the genetic
relationship between these organisms was (Ward 2005; Dunn 2008).
This technique advanced our understanding of taxonomic relationships, but was limited, because of the
relatively rapid mutation rate of DNA. Woese realized that the RNA (Ribonucleic Acid) of the ribosome
(the cell organelle in charge of translating genes into proteins) was much more stable over time, and has
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been almost unchanged since the time of microbes. So he started comparing the ribosomal RNA of
many bacterial lineages. What he would find was an entire new kind of microscopic creature which,
despite being physically like bacteria, was completely different chemically. It was practically like a lost
link between bacteria and eukaryotes, having characteristics of both groups, and features of its own too.
They were so different, that a completely new category of life was necessary to classify them. He
proposed to divide the world of life into three Domains: one for all the Eukaryotes (including Animals,
Plants, Fungi, and Protists), one for Bacteria, and a last one for these new creatures, which he called
Archaea or “The Ancients” (Dunn 2008).
Since Woese’s discoveries, all of the tree of life has been much more deeply studied using the technique
of ribosomal RNA and others. It is due to these studies that today we know, for example, that we are
99% similar to the chimps genetically. Archaea and Bacteria have been divided in many lineages, each as
big, diverse, and important as the Eukaryotic kingdoms, and even the Eukaryotes have been divided in
many more lineages than the ones known before. The present tree of life is so big that Animals, Plants,
and Fungi now are just like three leaves on a growing bush (Figure 2.1) (Zimmer 2001).
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Figure 2.1: The Current Tree of Life. (Evolution, The Triumph of an Idea, Carl Zimmer, 2001)

We now understand life better than ever before, because of this new version of the tree of life. We now
know that cellular respiration and photosynthesis are just two of dozens of strategies a creature can use
for obtaining energy and fuel for its metabolism. This means life is able to exist and spread in almost
every habitat existing on Earth, from the troposphere to several kilometers inside the crust of our
planet. As Jeffrey Bennet says in his book Beyond UFOs (p. 71, 2008):

“We could destroy the ozone layer, raise the global temperature, change the oxygen fraction and radiate
all the surface with nuclear waste, and most life on Earth won’t even notice.”
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As it was mentioned before, now we can not only know if a creature is different or similar to another,
but we can also see how similar and how different they are. The possibility of understanding the extent
of differences also makes it possible to track ancestries and evolutionary lineages. The science of
molecular phylogenetics was born from the possibilities brought by an entire new generation of
chemical and genetic techniques, and today the data from this research is used in parallel to anatomical
and morphological comparisons (Whelan 2001). However, with these new possibilities a new problem
arises: how can you express all this new information into a single scheme?

2.2. Three Solutions for the Problem: the Three Schools of Taxonomy
The sixties and the seventies were years of big conflicts between scientists trying to define how the Tree
of Life should be constructed and understood.

2.2.1. The Classic School
The traditional conception of taxonomy was called the Evolutionary School. The priority of this school
was to classify the organisms in conceptual groups rather than phylogenetic groups. This was easy to
understand and to teach to others. So for example the “Animals” were all the creatures which ingested
food, “Fungi” were all the organisms which absorbed it, and “Plants” were all the creatures which
created it by photosynthesis (Mayr 1989).
This conception of taxonomy was totally loyal to the platonic concept of levels. Every group inside a
level was parallel to any other group in this category. For example, inside the category “Vertebrates” we
could find the sub levels “Fish”, “Amphibians”, “Reptiles”, “Birds”, and “Mammals”, all of them in
parallel (Figure 2.2).
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Animals

Invertebrates

Vertebrates

Figure 2.2: Example of classic Tree of Life grouping

This logic works when classifying organisms according to some common characteristics, but it is totally
useless and even confusing while trying to express phylogeny. Today we know that amphibians came
from fish, reptiles from amphibians, and birds and mammals from reptiles. We know about species and
even entire lineages of creatures, which fit just in between these main groups, as links between them.
We know for example that boney fishes divided themselves into two main groups, the ray-finned fishes
and the lobe-finned fishes. From the first group evolved most of the fishes with delicate fins we see in
the sea, while from the second group developed the fishes with fleshy and muscular fins which later
evolved as the first legs. We now know that reptiles divided into several groups. We know that
mammals came from a group of reptiles called “Mammal-like reptiles” which devised a chemical system
to control inner temperature, while birds evolved later from a group of dinosaurs called the
Maniraptora, which developed feathers as a protection from cold (Tudge 2000; Cracraft and Donoghue
2004).
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None of this information was reflected in classic schemes, so something new was necessary to express
all these relationships in a more accurate way.

2.2.2. The Phenetics School
An attempt to reach this new order was the second school, which used a technique called Numerical
Phenetics. Here, the key to classifying organisms was more quantitative than qualitative. The features of
each organism were listed, and according to how many features different species had in common, their
relationship was calculated mathematically. Common sense tells us that the more characteristics in
common, the bigger the relationship would be. This way, classification could be done in a totally
objective way, without the need of relying on authorities or subjectivity (Curtis and Barnes 1989; Tudge
2000).
Despite these expectations, subjectivity was still strongly present in the method. What characteristics
should we list? Do all the features have the same importance or should we give a value to each one?
As an analogy, if we wanted to decide which has been the best rock band in history, which criteria do we
use? The number of records they sold? The number of hits they had in the radio? The number of fans
they had? Which of these criteria is more decisive?
In the case of organisms, there are actually characteristics more decisive and important than others.
Sharks and dolphins both have a torpedo-like shape, with a similar set of fins. Both are carnivores, have
sharp teeth and can hunt their prey while swimming. Dolphins can breastfeed their breed; sharks cannot
(Prothero and Schoch 2002; Helfman, Collete et al. 2009). If we compared both animals just by the
number of similarities and differences they have, they would probably end up in the same group, but if
we realized that the presence of mammary glands is more important than all the rest of the mentioned
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characteristics, both animals would end up in different groups: fishes and mammals. Breastfeed capacity
is a homologous feature, which shows that dolphins’ ancestors where mammals, while all the rest of the
mentioned characteristics are homoplastic. This means that these aquatic features were simply acquired
by the ancestors of dolphins to adapt themselves to aquatic life.
In many cases, similarities that seemed to reflect a common ancestry were actually the product of
convergent evolution. For example, the body shape and the fins of sharks and dolphins were developed
by creatures of different lineages, because of their need to live in a similar environment and follow
similar ways of life. They also had to manage to make their bodies resistant enough to move in the
water at high speeds, but having different origins and genes, they resolved this problem in different
ways. One adapted its bones, while the other developed a cartilaginous skin (Mayr 1989; Pagel 2002).
Phenetics sympathizers thought that this problem could be avoided just by supplying more data.
Statistic techniques should be able to wash out any confusion between ancestral and acquired features.
It would not matter if five characteristics linked a creature to a wrong group, while two-hundred
characters linked it to a more logical one. However, nature’s systems showed to be more complex than
this. Feathers and beaks are useful if we want to distinguish birds from reptiles or mammals, but they
are useless if we want to measure the relationship between parrots, ostriches, and crows. In the first
case, feathers would be called a simplesiomorphy, a character which helps to distinguish this group from
others, while in the second case it would be called a synapomorphy, a character which is common to all
of the treated subjects (Tudge 2000).
At this level, taxonomists realized that subjectivity was necessary to distinguish the real value of any
analyzed characteristics, especially when they wanted to establish not simply the gradual relationship
between organisms, but to discover and understand the actual phylogeny that connected different
groups. In this context, the third school appeared.
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2.2.3. The Cladistic School
Finally, a third school appeared, and the ideas it brought changed drastically the perception of taxonomy
until today. Cladistics ordered the tree of life in a completely new way, introducing different groups and
concepts. This technique threw away the idea of “conceptual groups” of the evolutionary taxonomy and
gave all the attention to the phylogeny. For example, if in evolutionary taxonomy fish, amphibians,
reptiles, birds, and mammals were parallel classes inside the phylum “Vertebrates”, here birds and
mammals are “clades” inside the clade “Reptiles”, as they descended from them. Reptiles are a clade
inside amphibians, and amphibians together with some kinds of fish are part of a new category called
the “Tetrapods” (animals with four legs) (Mayr 1989).
Cladistics allow us to represent in a single chart the relationships between several groups of organisms,
showing step by step, group by group (and even species by species) the progress of evolution. Cladistic
diagrams show us how species divide (cladogenesis) or change (anagenesis) into new ones. Links and
newly discovered species can easily be added and any re-accommodation of creatures can easily be
made. The current tree of life, rather than having just eight levels can have several hundreds of levels,
but the Linnaean method still works perfectly. For example, we humans are still hominids, primates,
mammals, chordates, animals, and eukaryotes. Lots of new divisions have been added between these
basic groupings. For example, mammals now are inside the Amniote category, which is the category of
terrestrial reptiles, so technically now mammals could be classified as within the Reptilia group.
However, the basic categories that define us still function (Figure 2.3).
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Figure 2.3: The Current Tree of Life, according to Cladistics

(http://biology.unm.edu/ccouncil/Biology_203/Summaries/Phylogeny.htm)

2.3. The Unsolved Questions and How they Could Change our Vision of Taxonomy
2.3.1. What is a Species?
For a long time, the official criterion for defining a species, especially in animals, was the lack of
possibility of interbreeding. If two creatures are unable to interbreed, or they could but their offspring
were sterile, these two creatures were considered to be from two different species. However, Charles
Darwin during his long journey of hybridization experiments demonstrated that this principle was not an
absolute but a relative one. After trying intercrossing specimens of several related genera and families,
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Darwin discovered that while less related the creatures were, the probabilities of getting fertile offspring
were fewer. However, there was always a degree of probability, in all cases, of getting fertile breed. In
plants this became even more evident: many plants that are considered to belong to different species,
and even different families, are actually able to interbreed, creating complete new varieties (Darwin
1859).
The breeding criterion is useful for species with sexual reproduction, but what about bacteria which do
not reproduce this way? In this case the only possibility to state where a species ends and another starts
is genetic analysis. Here there are further problems again. How many genetic differences are enough to
call two beings different species? (Audesirk and Audesirk 1993; Dunn 2008).
In many cases distinguishing between two species is like distinguishing a peninsula from an island. If you
can get from an island to the continent by jumping rock by rock, is this still an island? (Dennet 1996).

2.3.2. How Deep Can Convergent Evolution Be?
At first, genetic analysis seemed to be the definitive tool for confirming anatomical and physiological
comparisons. However rather than confirming the established tree of life, it reconstructed it practically
from the start. In some cases genetic analysis results even contradicted earlier conclusions from living
and fossil anatomical comparisons. Creatures that seemed not to have many relationships actually had
some, and others which seemed to be in the same group, actually were more different than expected
(Tudge 2000; Cracraft and Donoghue 2004). For example, tardigrades or water bears where at the start
considered related to the annelids, because of features of their anatomy like their segmented body.
However, in 1997 Aguinaldo et al., based mainly on ribosomal RNA information, concluded that
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tardigrades were actually related to nematodes, a group of worms which at first view would not seem to
be related to them.
This is an example of confusion created by convergent evolution, where relatively different groups were
put together because of having some characteristics in common. Ribosomal RNA techniques can help for
disambiguation. However, until today these techniques are considered a complement to anatomical and
morphological analyses, not a replacement. This is because even this kind of analysis can fail.
And the problem goes even deeper than this:
“There is strong evidence that different lineages of eukaryotes arose independently from
different prokaryotic ancestors. Moreover, different lineages of unicellular eukaryotes
appear to have given rise to the multicelled plants, fungi and animals, and at least in the
case of photosynthetic organisms, multicellularity has arisen several times. This story
makes it impossible, on the basis of current knowledge to establish monophyletic
kingdoms and still have the kingdom reflect similarities and differences among mayor
groups of living organisms.”
Biology, Helena Curtis and N. Sue Barnes, 1989, p. 424

Not all the plants, for example, came from the same progenitor, but from several different ancestors. So
you have to make a decision: put all these lineages in a single kingdom called “Plants” just because all of
them carry on photosynthesis, or, define different kingdoms for all these different lineages, despite
them having the same character in common. The first idea is simpler to understand for non-scientific
people, but the second is a more accurate reflection of the real phylogeny for all these beings.
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2.3.3. How can we express Endosymbiosis?
This theory, developed by Lynn Margulis at almost the same time that Woese discovered the Archaea,
describes different species fusing to form entire new forms of life. We are not speaking about organisms
like lichens (the association between a moss and an alga) which just have an association of mutual
benefit, but about creatures that even fused their genes with each other. Margulis discovered that the
chloroplasts and mitochondria (the cell organelles responsible for photosynthesis and respiration in
cells) were not just organs of the cell, but were once independent unicellular organisms with their own
DNA. Today it is still possible to find free organisms that are relatives of these symbiotic organelles.
Somehow in the distant past, a group of prokaryotic cells (maybe Archaea, whose DNA has similar
structures to eukaryotes), tried to engulf a special kind of bacteria which they were not able to digest (or
maybe the bacteria entered the proto eukaryote to parasitize it, both possibilities are plausible). Rather
than destroy each other, the two creatures ended up by cooperatively sharing their different abilities.
While the eukaryote gave protection and a continued supply of food to the bacteria, the bacteria
processed these nutrients much more efficiently, giving extra energy to the big cell through cellular
respiration or photosynthesis. After millions of generations, the dependency between both grew to a
point where both of them lost genes, making them unable to live on their own (Sagan 1967; Dunn 2008).
Proofs for this theory are many. Mitochondria and chloroplasts have their own genes, and during cell
division they are the only organelles which do not melt into the cytoplasm but direct their own
replication inside the cell. Moreover, morphologically, chemically, and genetically speaking,
mitochondria are greatly similar to alpha proteobacteria while chloroplasts are similar to cyanobacteria
(Sagan 1967; Tudge 2000; Cracraft and Donoghue 2004; Madigan 2010).
So this phenomenon, at least at the microscopic level, totally changes the logic of the tree of life,
because here we not only have diverging species, but also merging species. It is possible that not only
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the mentioned organelles could be the product of endosymbiosis; centrioles and flagella have also been
suggested to have this origin, and even more merging could have happened since the beginning of life
(Zimmer 2001; Dunn 2008; Margullis 1981).
If we include hybridization and horizontal movements in this reasoning, a revised version of the tree
may look like this (Figure 2.4):

Figure 2.4: The current Tree of Life revised. (Evolution, The Triumph of an Idea, Carl Zimmer, 2001)

2.3.4. One First Being or an Entire Ecosystem?
For many years, bacteria were thought to evolve only through small random mutations in their genome
each time they replicated. Lacking sexual reproduction to accelerate this process, the only reason for the
quick evolution of bacteria was their short life cycles. However this idea was wrong; bacteria have many
more ways of mutating and evolving than just random mutation (Zimmer 2001).
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The phenomenon of horizontal gene transfer has earned increasing importance for scientists in the last
years. Horizontal gene transfer comprises a variety of mechanisms in were bacteria, archaea, and even
some eukaryotes can pass genes from one organism to another without the need of reproduction of any
kind (Madigan et al. 2010). Some of these mechanisms are:
a) Transformation: the process in which a cell simply absorbs and incorporates a trace of floating
genetic material. This can happen after the death of the original owner of this material, leaving
the genes abandoned but still functional (Madigan et al. 2010; Zimmer 2001).
b) Conjugation: plasmids are small circles of genetic material that float in the bacterial cytoplasm,
separate from the principal genome. Bacteria can share and exchange these plasmids, even with
members of greatly different species, by linking among them by means of tube-like appendages
called pilus, and simply transferring the plasmids from one to the other (Curtis and Barnes 1989;
Audesirk and Audesirk 1993). For example, it has been estimated that in the last 100 million
years Escherichia coli has picked up new DNA from other microbes 230 times (Zimmer 2001).
c) Transduction: Bacterial DNA can be carried by viruses from one microbe to another. This
phenomenon has been seen between bacteriophages and their bacterial prey (Zimmer 2001).
So in a world where DNA is transferred from one being to another, how can we be certain of finding
ancient lineages? Carl Zimmer, in his book Evolution, the Triumph of an Idea, suggested a solution in
2001. According to him, current Eukaryotic cells have proofreading enzymes, in charge of checking if
each new copy of the genes is well made. In the ancient RNA world, the first proto cells probably lacked
these enzymes, and because of this they were unable to copy large amounts of genetic material
accurately. In a world like this, genes were more likely to pass from one microbe to another than to the
next generation. So, maybe, our common ancestor was not a single cell or a specific species, but the
whole of the microbial ecosystem from this era.
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Nevertheless, just a few years later researchers found a set of core bacterial genes that was rarely
swapped (mutated). This could be the way to confirm whether we descend from a specific bacterial
lineage, or all prokaryotes were in some way our ancestors. If the second was the case, we could know
exactly when the being that gave birth to us arose from this world of genetic promiscuity (Dawkins
2004).

2.3.5. What is Life?
It is true that the discovery of new forms of life often makes us change our perception of it, most of the
time expanding our perspectives about it. However, there are cases when the discoveries are so
different to our preconceived ideas that they raise more doubts than certainties. This is the case with
the creatures called, until now, the “Replicators”. They are a group which includes viruses, viroids, and
prions. The principal reason for doubting they were actually alive was the lack of any evident
evolutionary connection between them and any form of known cellular life. Another reason was none of
these beings filled all the characteristics a life form has been assumed to have. These features are:
 Life creates order from chaos.
 Life evolves through time.
 Life creates copies of itself, but not quite perfectly.
 Life requires a resource of molecules.
 Life requires a resource of energy.
(Bennet 2008)
“Replicators” fill some of these conditions, but not all. They create copies of themselves, imperfectly.
They evolve (this is why many new varieties of viruses are always appearing), and they use a source of
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molecules from the host cells they invade, at least when replicating themselves. However they do not
have any kind of metabolism, so they do not use energy, and do not use molecules most of the time.
Moreover, due to the way they replicate themselves, it is difficult to determine if they really create
order from chaos, since they make the host cell (or protein in the case of prions) do it for them. On the
other hand this is not the whole story. As new studies about viruses are reported, new strands and
lineages of them are gradually discovered, showing that viruses actually have had a complex evolution
through time. Some varieties have been discovered that are even able to produce a limited number of
proteins which they use in the moment of invading the host (Fauquet, Mayo et al. 2005; Bennet 2008).
What if there is a hidden connection between the most complex viruses and the simplest cellular
organisms? If viruses are able to infect every kind of being in the tree of life, evading all their defenses,
maybe they were already there when all these beings evolved and have been evolving with them since
those times. What if life did not start directly as cellular forms but as something similar to a replicator?
Then, what if the ancient replicators lost the ability to reproduce without a host? If this idea is proved to
be true, the entire definition of life will change once again, and the entire tree of life will have to be
adapted once again. Peter Ward, on his book Life as we do not know it (2005, p. 48 and 55) dares to take
this step, suggesting new categories of life even beyond Domains.

“Dominion Terroa, (Ward, 2005) (from the Latin, Earth Life).
Definition: Life containing two-stranded DNA and utilizing it as its genome/information storage
molecule; proteins made up of twenty amino acids (for specific amino acids), which are coded for by
three-letter nucleotide sequences (for specific code); with a phospholipid membrane and water used as
solvent in the cell. At this time the Dominion Terroa contains three domains: Archaea, Bacteria, and
Eukarya.”
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“Dominion Ribosa, (Ward, 2005).
Definition: Life composed of carbon chemistry with water solvent, with RNA as its genome.
Included groups: Domain Ribovira, Ward, 2005
Definition of Domain: encapsulated life with RNA as genome, includes RNA viruses.”

If Ward’s ideas were taken seriously, a new version of the Tree of Life, might look like this (figure 2.5):

Figure 2.5: A hypothetical Tree of Life, including new categories for non-cellular life.
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2.4. Summary
When faced with a new and unknown organism, taxonomists compare, classify, and name creatures
according to logic and a set of rules. The logic and the rules have had several changes across time,
resulting in the system we use today: Linnaean nomenclature and cladistic classification. We know that
classification is important, because animals, plants, and all the other kinds of life, are of vital importance
to us. However, somehow and even knowing how important this knowledge is, and even having the
tools to show all this information in a direct and accurate way, people are still ignorant about the variety
of life on Earth. Why? In the following chapter the problem of how to effectively communicate
taxonomy to the non-scientific public is addressed.

Chapter 3: Communicating Taxonomy
3.1. Taxonomy at Present
As I showed before, taxonomy is among the most important sciences of all times. All biology depends on
it. This is a two-hundred-and-fifty-year-old science. It has as much history, discoveries, and controversies
as any other science, and it is of crucial importance in collaborating with other sciences (for example, as
support for evolution). However despite all this, this discipline is almost unknown out of its inner circles.
And the big question is, why? If we see it from a logical point of view, we could uncover some reasons.
This is not the kind of topic you can show in a one-hour documentary film, like centrifugal force or
climate change. There is too much information and too many names for communicating them in that
way. If a new organism or fossil is discovered, it will probably appear for two minutes on TV news. Apart
from a sentence like “This is a dinosaur from the order of sauropods”, you will not hear anything else
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about its relationship with other organisms. In school, textbooks could describe what taxonomy is, a bit
of how it works, and then show a really basic taxonomic tree about known life; they will not use more
than two pages for the whole topic, because other matters like genetics or evolution will become
priority. Moreover, taxonomy is not the kind of information we would need for our daily life.
To know the evolutionary relationship between dogs and cats will not help us to take better care of our
pets. It is not important for us is the cause of our sickness is a nematode, a bacteria, or a virus. This is
doctor´s problem, we just want the cure. If we go to the supermarket to buy food, we are worried about
prices, taste, and quality, not about the differences between a salmon and a trout.
So, as a little conclusion, I can say that, curiously, the metaphor of the tree is the best to describe the
situation of this forgotten science. While taxonomy and systematics (the science that relates
classification and environment changes) are the roots of the tree, other sciences like genetics, zoology,
and medicine are the leaf, flowers, and fruit. Without the roots, all the rest falls, but we do not need to
see the roots to enjoy the fruit and the flowers the tree offers us.
In this context, the reasons that could guide someone to look for information related to this science are
not that different to the interest in classification itself. Maybe someone has found an unknown creature
(in a real situation or in a photo on the Internet) and wants to know what it is. Perhaps someone willing
to understand evolution would like to see the relationship between certain groups of creatures.
Probably a student needs information about a specific organism and its taxonomic classification. Or
maybe a child simply loves dinosaurs and wants to know all the varieties of them. In all these cases, the
most useful tool for starting to look for information would be a complete tree of life, in a format easy
enough to explore, but complex enough to get basic information, and of course, visually appealing, so it
could attract some interest from the explorer.
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Does a tool like this already exist? My hypothesis as science communicator is that with a tool like this,
people in general, out of scientific circles, should have some basic knowledge, not about taxonomy
itself, but about the variety of life in the world. If people are still ignorant about the variety and
importance of organisms, it must be because current education and communication media are not
communicating this science successfully. The best ways to test this hypothesis is going out there and
analyzing how taxonomy is being shown to people through mass media.

3.2. What you can find about Taxonomy in the Mass Media
Following the logic of a normal user looking for information about a specific topic, the first place I
explored was Internet. Most of the websites I encountered were entirely designed for scientific people,
using complex scientific jargon, complex descriptions, and very few images, used mostly for scientific
purposes, like anatomy.
The nearest to a site for non-scientific public was the website called The Tree Of Life Project
(www.tolweb.org), hosted in 1994 by David and Wayne Maddison. Here the user could see a scheme
showing the taxonomic distribution of organisms. Each scientific name was a link to a new subcategory.
The links by themselves were accompanied by common names or examples of what the user would find
by clicking this link. Once the new window opened, at the top of the page the user could see some
conceptual photos as examples of kinds of creatures inside this category and then another scheme like
the one described before, leading to new links. This structure was really successful to store information.
If the user wanted to look for a specific creature, the site would guide him or her to find it. Also a search
bar helped to make any specific search much quicker (Figure 3.1).
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Figure 3.1: Window example from The Tree Of Life website (www.tolweb.org).

The problem arises when we get to the point of making exploration attractive. Each link the user clicks
makes appear a new window with more options of links. In an experiment using the same subset of the
public used for the question of the Pikachu and the Bilby, I asked anyone in the room to give me a name,
to look for it in this specific website. The person asked me for the Bilby. Starting from the first page
where the user sees the three main categories of cellular life (Bacteria, Archaea, and Eukarya). It took
me more than twenty windows to get to the marsupial section, where the Bilby was. Along the way we
passed hundreds of categories of names that, lacking an illustration or definition of what they where
apart from their scientific name and a common name (and many times even the common names where
unknown to us), they just did not draw our attention.
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This site is very well made to find specific information if users already know what they are looking for,
but when the point is exploration, the user gets easily confused, tired, bored, and does not find much
entertainment (www.tolweb.org).
The second place to explore was books, especially schoolbooks (like Villé’s or Curtis’) and natural history
books. In all the cases, there was some actual reference to taxonomy. In practically all the books I
sampled I found a definition of taxonomy, a bit of history of this science, and at least one example of
classification, showing the eight basic levels of life.
The problem with books was that, after the three common points about taxonomy already mentioned,
the similarities ended. One book talked about two main kingdoms of life, another about three, five, nine,
or even gave arbitrary divisions like “Bacteria and Viruses” or “Plants and Algae”. One book used, for its
examples, a classic tree (sometimes for convention, sometimes just for simplicity), a phenetic tree, a
cladistic tree, or a simplified version of any of them. Books can use illustrations, common names, or
scientific names. Variation about these points depends on the subjectivity of the author and also to
some extent on the moment when the book was released. When on the same shelf you can find books
from 1980 and 2008, differences in points of view can be huge. This last point is a real problem for the
topic of taxonomy. Science is always developing quicker than books are released, so the user will never
have the most recent knowledge in his or her hands, and will always find problems when comparing
texts due to the lack of a generally accepted consensus.
However, more important than this is that while Internet at least tries to present a complete tree of life,
with examples of all the main groups of organisms that exist, schoolbooks and natural history books only
limit this to a simple conceptual image, focusing more in other points of taxonomy like definitions. This
impossibility to explore more deeply is what limits the user’s knowledge to the most basic aspects of
classification.
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The reason for this last point is logical. Biology or natural history books can devote only one section to
the topic of taxonomy, and presenting a complex tree to explain the differences between the groups
would take too much space. The only possibility to show all the aspects of taxonomy and a really
complex tree of life would be to dedicate the whole book just to this topic. From the forty-five books I
sampled, only three of them did this task, being the most modern one from the year 2004 (see appendix
II). If in schools, students were asked to study books like these for biology classes, maybe the problem of
ignorance about the living world could be solved. The only condition for the school programmers would
be to buy a new updated edition of the book at least each five years, or use a source from Internet.

3.3. Analysis of the Research
The two principal communication media sampled before were Internet and books.
Internet is definitively the best medium in our times to spread any kind of information. Anyone can have
access to exactly the same contents almost anywhere in the world easily, quickly, and practically for
free, and the contents can be updated almost instantaneously. So why has not it been the solution for
communicating our topic yet? Why is not there a website showing successfully the tree of life?
In the case of websites, first of all, the information offered on them has a highly variable quality, often
not peer reviewed and with strong subjective components in many cases. Secondly, the format of how
taxonomy is presented is always almost the same: a series of titles which drives the user to more and
more titles (the principal concept of hypertext). Despite some improvements like images, or common
names, the problem is always similar: each time the user clicks on a title, the system drives him or her
into a new screen. When the contents feature classification of life forms, considering how overwhelming
the diversity of life is, the possibilities of opening more and more screens multiply exponentially, and
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soon the user forgets where the start was, gets confused, and finally lost. In simpler words, the problem
of current websites dedicated to classification is the format used.
Books lack almost all the Internet advantages. To look for information in books is always an investment,
of money (buying the book) or time (going to the library). In all cases is much slower than looking for
information on the web, even with the virtual catalog systems in modern libraries. Finally, the contents
of books cannot be updated until the next edition of it or the publication of another title touching the
same topics. The good point about books is that while the Internet shows general or random
information, many times uploaded by amateur people, books are a more trustable source of data. It is
easier to find books written by authorities and people who truly understand their specific topic.
Moreover, books can go deeper in a specific topic than Internet, because while users surfing the
Internet are looking for quick answers and pass from a website to another rapidly, the same people in
front of a book are willing to dedicate time and attention to what they are reading.
As we saw before, no two books treated the topic in the same way. Sometimes the differences were
radical and sometimes subtle; sometimes they were due to the date of the book; sometimes they were
related to a need for simplicity; sometimes they appeared for arbitrary reasons; sometimes they were
associated to the visual presentation of the contents; or, these differences were a combination of all of
these elements. The books just did not show a detailed tree of life, limiting themselves to basic schemes.
So in the end the main problems for communicating taxonomy through mass media are principally two:
format and consensus.
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3.4. Summary
As I previously mentioned, the problem for showing taxonomy on the Internet arose from using an
inappropriate format, and also from the always present risk of poor information quality. On the other
hand, the problem of displaying it in books was that every book approached the topic from a different
angle.
Part of the essence of science is to never get to a complete consensus, and the history of taxonomy is a
perfect example of this. Knowledge is always changing. Exploration and discussion drive it in a
continuous quest for self-correcting and approaching a consented vision of truth. However science has a
rhythm, and there is always a moment when the ideas in discussion are totally accepted or totally
rejected (at least until new proofs or arguments come again). Books cannot adapt to this rhythm, and
this is why old and new, discussed and accepted ideas can be found living together on the same shelf.
Websites can follow this rhythm, because of their capacity of being continually updated. If we could
design a new format to classify life on the Internet in a way that was engaging, simple and easy to use,
and also accurate enough to give the user the information he or she is looking for, maybe we could
create a pivotal tool for bringing taxonomy back to the position it lost centuries ago.
From all the material I sampled, the only piece of work that fully filled my expectations of a “Tool for
showing a complete tree of life simple enough, deep enough, and attractive enough for any user” was
the book called The Variety of Life. As a Science Communicator, I suggest that the best format for
designing a Tree of Life accessible on the Internet is the format used by this book.
With these last words I finish this part of my project. The next step will be to make this wish a reality,
and to design and create this tool for future generations. Maybe it will change the world, perhaps it will
be a grain of sand in this much bigger journey called discovering, or it might finish as the classic
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forgotten toy under the bed. Who knows, maybe there is a fourth and unsuspected destiny prepared for
this tool: a destiny that, just as the one of all the creatures without name waiting for us in unknown
corners of the world, will be ten times more incredible than anything the human mind can conceive. In
the next chapter I will show all the steps taken to design and produce this tool: the website called The
Tree of Nature.

Chapter 4: From Seed to Tree, the Making of The Tree of Nature
4.1. Original concept
The principal objective of designing this website was to overcome the format problems of other
websites focused on the taxonomy topic. The first step for this task was to develop a list of priorities, the
properties that would help me achieve the objectives of simplicity, accuracy, and attractiveness. These
priorities were:
-To minimize the number of windows, so that the user would not need to go more than two windows
away from the first screen of The Tree of Nature.
-To make it as visual as possible. Images would be the key to the website. I wanted to use images as
background, images as structure, images as buttons, and even images as links, if possible.
-To avoid too much text and avoid scientific jargon, or define jargon in the simplest way available; to
replace text by images and schemes whenever possible; and to change scientific names (binomial
nomenclature) to common or familiar names whenever possible.
-To make it intuitive. The user should be able to understand how to explore the website from the first
moment he or she sees it.
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-To preserve accuracy. The user should be able to understand what makes the different animal groups
unique, and what makes them similar or different from each other. Also the user should be able to
comprehend the nature of taxonomy, and the logic behind the ordering of creatures in the tree of life.

4.2. Stage 1: The First Lay Out
Most people get a simplistic approach to taxonomy at school, accurate enough to be useful in reality
and simple enough to be understood and retained. The easiest way to teach this subject is still the
classic approach, the first of the three “schools” we saw before, and the one that follows the platonic
vision of levels more faithfully. The classic taxonomic system has eight main levels, where the different
kinds of creatures are arranged in parallel to the rest.
The original concept for The Tree of Nature website was a lay out following this logic (Figure 2.2). The
user would start the exploration seeing (apart from the title and some possible links) three icons, named
according to the three big domains of life: “Bacteria, Archaea, and Eukarya”. By clicking one of these
buttons, the next level of sub categories under the domain would appear, so for example, if the domain
“Eukarya” was clicked on, an animation would make the categories “Animals”, “Plants”, “Fungi” and
“Protists” appear under it (Figure 4.1).
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Figure 4.1: Draft for the first lay out for The Tree of Nature.

This lay out strategy was designed to help the observer explore the conceptual tree of life part by part,
without being overwhelmed by the real size of the taxonomic tree and also allowing the user to see the
progression of evolution while exploring. Each category would be composed by a drawing of the target
group, its common name, and possibly its scientific name in a tinier size.
Finally the user would get to a point where the buttons would not open more categories, but instead a
new window, where a definition of the category would appear, so, for example, rather than clicking
buttons until all the existent jellyfish species appeared, the user would arrive at a window explaining
“What is a Jellyfish?” This window would include figures, photos, data about the group, and a little
information about the diversity of the group (Figure 4.2).
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Figure 4.2: Example of category definition window.

However, this first approach had important flaws, both conceptually and technically.
On the one hand, the official and accepted way to show taxonomy today is not the classical school, but
the cladistic school. Cladistics, preferring accuracy over simplicity, moved away from the platonic
concepts and the eight levels of Linnaean system. Cladistics shows the taxonomical order not as
parallels, but as dichotomies, following the development of each group step by step, and even species
by species. Here the eight-level system loses its sense, and the divisions between groups become more
arbitrary. This fact made a completely new planning of the website lay out necessary (Moody 1980;
Curtis and Barnes 1989; Mayr 1989).
On the other hand, the concept of buttons linked to more buttons required an advanced knowledge
about programming and animation. After asking for some advice on these topics from a specialist at the
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Informatics School, I got to the conclusion that a project like the one described above needed several
programming skills that a normal Internet user does not have. I was offered the possibility of taking a
paper in the Informatics School, but its cost in money and time was too much for the benefit it offered.
So, with these facts in mind, the decision made was to redesign the website structure, to something
retaining accuracy and usability, but affordable with the available resources.

4.3. Stage 2: The Cladistic Approach
The biggest question when designing for The Tree of Nature, in a cladistic scheme, was how deep to go.
When people think about animals, they think of mammals, birds, fish, insects, or molluscs, but each
group contains a huge variety of members, most of them far less known in people’s daily life. However,
taxonomically speaking, the “Animals” group is just one of at least twenty main groups of eukaryotes.
Groups like fungi, amoebae, radiolarians, and ciliates are just as big and as varied as animals themselves.
So, the question was how deep to show all these other groups. Was it really necessary to show all the
radiolarians, or was it just enough to describe radiolarians as a whole?
Furthermore, relatively tiny groups required expansion. Mammals, for example, are just one group from
at least thirty main groups within the animals, but mammals are so well known to people that it makes
compulsory to show them in all their variety. The same problem arose with groups like the arthropods,
the rosids, or the percomorph fishes (Barnes 1988; Tudge 2000).
The final decision to solve these problems was to design The Tree of Nature according to the perspective
of the public, giving priority to what people without scientific backgrounds wanted to see. Following this
logic, groups like archaea, radiolarians, sponges, or nematodes would be reduced to a general
description, while better-known groups like birds, insects, or cetaceans would be shown more fully.
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The first design, made following this way of thinking, resulted in a more stair-like structure (Figure 4.3).
This being the first screen of the site, each title was made into a link. The titles without circles led to a
general description of the group, while the links within a circle led to a new tree-like structure, showing
the extended group. For example, if the user clicked “Bacteria”, he or she would be taken to a new
window with a new tree-like structure showing all the different kinds of bacteria, and if they clicked any
of the links on the bacteria types, they would be taken to a third window with a description of the
group.
Any place where a group could be opened to show its internal variety would be marked by a dashed line.
This way, hopefully, the user would understand that groups like animals are just one of many, and that
what he or she sees on the screen is a view from the general to the specific, going more and more within
any defined group.
The problem with this second scheme turned out to be a purely technical one. To replace all and every
one of these links by conceptual images would not only take too much space for a single screen, but
would also be visually saturating for the visitor. Moreover, the ideal lay out for a person visiting a
website is to simply view all the main contents on a single screen, and then just scroll down. A scheme
like this one, once replaced by images, would make it necessary to scroll not only down, but also side to
side, and this would result in a truly uncomfortable experience for the user.
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Figure 4.3: Draft for index window based on cladistic schemes.
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This problem brought a new issue to solve: How to reduce the number of links in the first screen as
much as possible, without losing information from the tree itself? After lots of modeling and discussion,
I got to a solution, which came to be a total change in the logic of organizing a cladistic scheme in an
Internet context.
The logic of hypertext is that when the user is reading an article and finds a word which needs a deeper
definition, the user can click on this word and be taken into a new page where this word is defined,
explained, and contextualized. In this new article the user could find more clickable words, and from
there the options are infinite. The objective of The Tree of Nature was to avoid the danger of the user
getting lost following links at infinitum, while at the same time showing as much information as possible
from the Darwinian tree of life.
So let’s imagine the following concept. We present a group of creatures, for example, eukaryotes.
Within eukaryotes, as mentioned earlier, we have at least thirty different groups, all of them as big and
varied as the other. However some of these groups, for example radiolarians or diatoms, are almost
unknown to non-specialist people and/or their external shapes are remarkably homogeneous, while
others like animals and plants are universally well-known and present a huge variety of external shapes.
So, the big idea was: what if we take all these unknown eukaryotes, put all of them in a single window
called “Eukaryotes”, and locate the button to it in the index window? Then what if we take these betterknown eukaryote groups, such as animals and plants, make for each of these groups an exclusive
window showing them in more detail, and then put the buttons for these new windows in the index
page? These latter buttons would be placed under the “eukaryotes” button and would indicate with
signals, like lines or arrows, that animals and plants came from eukaryotes and are eukaryotes
themselves.
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Following this logic, an entire map of buttons could be devised in the main or index page, showing all
the relationships between the best-known groups of organisms and at the same time leaving the user
the possibility of exploring each group in more detail by clicking the links (Figure 4.4).
For making this logic even clearer, the user exploring the “Eukaryotes” window, would find in the
eukaryote-tree links for the groups which have been taken out of it, such as animals. This would reaffirm
that animals are part of the eukaryote group and have descended from them. In the same way, a user
exploring “Animals” would find a link back to the eukaryote category and to new subcategories, such as
molluscs or echinoderms (Figure 4.4).
Eventually, the user would be able to explore all kinds of life exposed on the tree of life, without the risk
of getting lost by following infinite series of links, because all the links he or she would find are also
present and directly accessible from the index page (Figure 4.4).
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Figure 4.4: The structure and flux of different sections of The Tree of Nature. The user can get to all the categories and
subcategories from the Index. Each category connects to their subcategories and back to their main categories and the Index.
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This approach was finally chosen as the best way to show taxonomy to the public. Once a final draft
scheme was prepared, experts in taxonomy were approached to provide second opinions.

4.4. Stage 3: Mapping
4.4.1. Managing Sources
The next step in the creation of The Tree of Nature was to schematize the tree itself, creating a structure
which could show to the public all the groups of organisms known until today by science. The website
needed to retain simplicity without losing accuracy or becoming misleading. Due to a number of
reasons, I did not base the tree on just one source but in several, being all the sources complementary in
aspects the rest did not develop with enough accuracy. The sources The Tree of Nature was based on
were:
-The Variety of Life, Colin Tudge, 2000
-The Tree of Life Project website. www.tolweb.org
-Palaeos Database www.palaeos.org
-Brock Biology of Microorganisms, Madigan et al., 2012 (Madigan 2010)
-The Rise of Placental Mammals, Kenneth D. Rose and J. David Archibald, 2005
-Horns, Tusks, and Flippers, Donald R. Prothero and Robert M. Schoch, 2002(Prothero and Schoch 2002)
-The Variety of Fishes, Helfman et al., 2009 (Helfman, Collete et al. 2009)
-Assembling the Tree of Life, Cracraft, J. and M. J. Donoghue, 2004
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Examples of this need of complementarities are many:
In the Tree of Life website, bacteria are shown as a big polytomy, or in other words, as many parallel
groups, without clearly showing connections from ancestors to descendants. Moreover, several types of
bacteria are shown apart from the main diagram with question marks next to them, suggesting their
actual position is not known. In Tudge (2000) this does not happen. The same bacterial groups (mostly
with the same names), are shown as a series of phylogenetic dichotomies, where the reader can clearly
see an evolutionary development from one group to the rest, with obvious ancestors and descendants.
In other cases, in some sections the authors chose to put just a general description of a taxonomic
group, rather than expanding it into a new tree, with several arguments as for example saving space. As
it was mentioned before, this works well when describing relatively unknown groups or kinds of
creatures with relatively uniform features. However this was not the case for some groups described in
some sources, for example the percomorph fishes in Tudge (2000), which include fishes as dissimilar as
the seahorse and the swordfish.
Once again, the solution was to design the schemes according to the perspective of the non-scientific
public, (basing this approach on the creatures that we normally see on mass media), and according to
what would make the exploration simpler and clearer to them. In the case of general tree structures, the
ones with fewer polytomies were chosen, even if they were less up to date than the other options.
There were also cases in which a combination of sources was necessary. In the case of cetaceans, one of
the researched sources (Prothero and Schoch 2002) clearly showed the evolution from terrestrial to
swimming mammals, but did not show the taxonomy of present cetaceans in detail. So in this case the
information of the mentioned book was combined with data from The Tree of Life website (tolweb.org)
to show the development and diversity of cetaceans.
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4.4.2. Managing Space and Concepts
My priority was always to minimize the number of windows the reader had to travel through. If, in all
the sources, a subcategory was shown in detail in a new section, one of two ways of action was taken.
If the subcategory was tiny enough to be opened and shown in the same window as the main category,
this was the action taken. For example, heterokonts are a group of eukaryotes that include diatoms,
brown algae, and some relatives. As this was a relatively small and unknown subgroup of the
eukaryotes, the decision was made to show their variety in the same window as the rest of the
eukaryotes, rather than taking them into a new window, as was done with, for example, animals, plants,
and fungi (Barnes 1988).
If a subgroup was too big to show it in the same window as the principal group, the decision was made
to make a link in the main page as a new button. This is why, for example, the fish are divided into
“Fish”, “Ray Finned Fish”, and “Percomorph Fish”(Helfman, Collete et al. 2009), each clade being
technically a sub clade inside the previous clade. The same procedure was applied to plants, dividing
them in four pages; and to birds, dividing them into two pages (Tudge 2000).
On the other hand, the reduction of entire groups was sometimes necessary to save space and keep the
website simple. As an example, the category of chondrichthyes (the family of sharks and rays) has
almost twenty different representative phenotypes, but was eventually reduced to a simple, symbolic
trichotomy, leading to chimaeras, sharks, and rays. The same procedure was applied to the miryapods,
the bivalves, and the caenogastropods.
There were cases in which creatures were moved from one group to another, to make the concept they
represented simpler. For example sea spiders are not chelicerates (the group of spiders, scorpions,
mites, etc.) but the sister clade (meaning their closest relatives) of this group. However, the concept of
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“Sea Spider” was too strong to take them out. The final decision was to move the group of the sea
spiders alongside, to the chelicerates window. Nevertheless, in the chelicerates section (and in all the
others) there is a definition of what a real chelicerate is, and in the cladogram there is a division
between chelicerates and groups just related to them (Tudge 2000).
Finally, there were points where the final decision was simply to eliminate creatures from The Tree of
Nature, for several reasons.
The most important case was the Ediacaran Fauna, a series of fossils from Australia, all of them
creatures from before the Cambrian Explosion. Despite their extreme paleontological importance, there
is no consensus on where to place any of these creatures in the principal tree of life. Some of the
Ediacaran fossils have been classified as annelids, echinoderms, arthropods, molluscs, cnidarians, and
even algae (Ellis 2003). So it was decided that the most cautious would be to exclude these creatures
from the website at least until more was known about these fossils.
Other cases were simpler, and the causes more technical.
In the case of heteroconts, several groups were represented by only one or a few species, all of them
unknown or with less importance than the principal representatives of this group, such as the diatoms
and brown algae. So in order to keep the eukaryote section simple, these creatures were left off
(Tolweb.org).
In some cases, one image was used to represent more than one creature. As an example, the clade of
crocodilians, which contains alligators, crocodiles, gharials, and caimans, was represented only with an
image of an alligator and named “Alligators, Crocodiles, Caimans, and Gharials”. This logic was used with
any clade whose representatives are evidently related and distinguishable by observation, such as
“Frogs and Toads” or “Turtles, Tortoises, and Terrapins”.
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In the case of some clades with many known species or with many possible representatives, I used the
image of one species of the clade as representative and titled the clade with its general name and then
the name of the species, showing that the species is just an example of a much bigger group. Examples
of this pattern are “Snakes: rattlesnake”; “Polychaetes: bobbit worm”; “Spiders: jumping spider”, and
many more.

4.4.3. Complementing Information
Sometimes an ancestor fossil animal was added to The Tree of Nature to show the evolution of the
creatures in a group. For example, Plectronoceras was added as the precursor of cephalopods. This
extinct mollusc, which presented characteristics both from primitive snails and octopus-like creatures,
was a necessary addition to the clade of cephalopods, so it was added at the top of the cephalopod
section, as their first known ancestor (Clarkson 1998; Ellis 2003). The same action was taken with
Wiwaxia in the mollusc clade (Sheltema, Kerth et al. 2003).

4.5. Stage 4: Translation of Latin Names
One of the main objectives in the design of the website was to avoid scientific terms and jargon as much
as possible, so the search for common names for the creatures and their categories became priority.
In around thirty percent of the cases, the consulted sources already gave a common denomination for
the creatures and groups they covered, as an example, platyhelminthes were called simply “Flatworms”
and more complex groups like the falconiformes, were conceptualized as “Birds of Prey”. However the
other seventy percent of names, from creatures or groups mostly unknown to non-specialists, in all the
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sources appeared simply as scientific names (Tudge 2000; Prothero and Schoch 2002; Rose and
Archibald 2005; Helfman, Collete et al. 2009).
In these cases a variety of strategies was adopted:
-Naming according to the most well-known representative: cephalopods were baptized “Octopuses”,
even when the group has much more to show than that. Following the same logic, gastropods were
called “Snails and Slugs”; echinoderms, “Stars and Urchins”; chelicerates, “Spiders and Scorpions”, etc.
-Looking for a common character: some groups had a character that could be used to define and name
them. Following this logic molluscs were called “Shellfish”; cnidarians were called “Jellies”; and
arthropods, simply “Armored”.
-Making the name shorter: rotifera was changed into “Rotifers”; other examples are “Ostracods” from
ostracoda and “Euglenoids” from euglenozoa.
-Translation: most of the names of scientific nomenclature are unions of simple words from Greek or
Latin. There were cases when a translation of these names into English could give a useful and
understandable common name. As an example, Stromatocysthes literally means “Settled Star” and
Ambulocetus can be translated as “Walking Whale”. Help with translation was obtained from Cameron
McPhail, a student of Greek from the Languages School. His help was especially useful in the case of
plant names. Nevertheless, at this point we realized that many scientific names just could not be
translated satisfactorily, because the translation sounded inadequate (for example, Archaeopteryx
means “Ancient Wing”) or did not translate well, as many scientific names are just derivations of the
discoverer´s name.
-Let it be: sometimes the scientific names by themselves are short and simple enough to be used
unchanged. Examples of this were Giardia, Volvox, Plasmodium, Symbion, and Dinornis.
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4.6. Stage 5: Making it Real
Once all the information was gathered and ordered, the next step was to pass it from the paper to the
digital media. At this point of the process, I realized that one year was not enough time to create the 37
windows of the website with all their internal cladograms and then create the windows with the
information for all the creatures represented in each cladogram. So the decision was to change it into
something more general and simpler. This way, the section “What is…?” was conceived. Rather than, for
example, explaining all and each of the groups inside the bacteria section in their own window, the
section “What is…?” served to explain “What is a bacterium?”, illustrating and explaining the main
features that the group has in common and the features that make them different from other groups
like, for example, eukaryotes.
Thus, the general structure for the website pages became:
Main window -> Group Cladogram window -> What is…? window
Following this scheme, the user would never get further than two clicks from the starting screen, this
structure accomplishing one of the principal priorities established at the start of the project. With this in
mind, the course of action was:

4.6.1. Illustrating
“A drawing can do much more than a photograph to emphasize the field marks. A
photograph is a record of a fleeting instant. A drawing is the composite of the artist
experience. The artist can edit out, show field mark to best advantage, and delete
unnecessary clutter. He can choose position and stress basic color and pattern
unmodified by transitory light and shade. (…) The artist has more options and far more
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control (…) whereas a photograph can have a living immediacy, a good drawing is really
more instructive.” (Peterson 1984)
A Field Guide to the Birds of the Eastern United States. Boston: Houghton Mifflin, Peterson R.T., 1980, p. 9-10

The aesthetic of the site was a key point to make it visually attractive. It had to be friendly enough to
attract the attention of a child, but accurate and realistic enough to show the real characteristics of
creatures and be convincing.
A point of discussion about the illustrating of the website came to be “Photos or Drawings?” On one
hand, photos show the animals in their real aspect and can be captivating by themselves, but they could
be confusing. In a photo some important features of creatures could be lost to the viewer, and also
photos could give the site a too serious appearance for a child to enjoy. On the other hand, drawings
could be really useful for schematizing the aspect and important features of an organism and, by the
addition of personality, they could become attractive to most kinds of public. However drawings could
give the site a too childish and light look.
Taking in account that the purpose of the site itself was to show taxonomy to people who do not know
what it is, the final decision was to make children and students my main concern, so drawings were
chosen as the key element of the site’s aesthetics. However, photos would not be eliminated, but
included as support material in the section “What is…?” of each taxonomic category.
The drawings themselves were designed to be friendly but accurate, showing as much as possible of the
real features and characteristics of any particular creature, while adding them a personality that could
be appealing to the viewer. Personification was used in most occasions, and even some tools and
objects were added to some creatures to illustrate important facts about them. For example, the
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cyanobacterium was made with a cut in its body to show its internal organelles, while wearing sun
glasses and lying on a beach chair, to illustrate the concept of absorbing sunlight through pigments.

Figure 4.5: Examples of creature conceptual drawings for The Tree of Nature.

When drawing animals that already had a face, the ideal formula was to keep it as real as possible.
Details like mandibles, chelicerae, and composite eyes were kept, only with minor adjustments to make
them fit with an identifiable face. Some of the comments when showing these illustrations to family and
friends were that even the most disgusting and terrible creatures looked friendly and cute in this way.
The objective for the entire website was around five hundred and fifty drawings, one for each group of
creatures shown. The factor of time spent in making them was also a key when deciding on the
configuration of the cladograms and categories shown.
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4.6.2. Digitalizing
Macromedia Flash is a program specialized in creating images and animation. This software can also be
used to modify and manipulate images in several ways.
When a series of drawings for a window was finished, each drawing was scanned, and imported into the
working area of Flash. Then the white area around each of the images was cut off, and a collage of the
group of drawings was made as a single illustration representing a cladogram. The creatures
represented were drawn by hand, while the titles, buttons, written information, and the lines of the
cladogram itself were made with the drawing instruments of Flash.
Finally, all the collage was saved as a single image an exported in PNG format. The point of using this
format was that it eliminated all background colors, leaving the spaces between images void (Figure
4.6).

4.6.3. Preparing for the Internet
Macromedia Dreamweaver is a program specialized in the design of websites. The advantage of this
program against online possibilities like Geocities or Joomla is that while the online devises give the user
an already made template, with just a few possibilities of modification and innovation, Dreamweaver
starts with a white screen. This property allows the user to make the most of all his or her creativity,
being simple enough to be understood and used by any kind of user, from expert programmers to
simple amateurs.
The process of building windows through Dreamweaver was relatively easy. First a background was set,
and then the collage made in Flash was imported and pasted. The fact of being a PNG image allowed the
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background to be visible. The aesthetic of the whole was the representation of a tree, being the
cladograms in shapes and colours that reminded branches, and being the background a motif of leaves.
Once this done, a series of interactive areas were marked on the image itself. Interactive areas are
spaces on an image which the arrow will react with in some way while passing over. For The Tree of
Nature, interactive areas were used with two purposes: first as links, second as sources of information.
The latter means that each time the arrow passed over a specific area of the image a bubble with
information would appear (Figure 4.6).
The link areas were represented on the image with titles encircled in signs, as for example “Main” or
“Animals”. The information areas were represented with nodes on the branches of the tree-like
cladogram. Their purpose was to give extra information about the characteristics that defined a
subgroup. Here is an example: “Artiodactyls: mammals with hoofs” (Figure 4.7).

Figure 4.6: Example of cladogram image before being transferred to Dreamweaver, showing signs for links and a node for
information.
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Figure 4.7: Example of image in the Dreamweaver workspace. Squares mark link interactive areas; and the circle, an
information interactive area.

Figure 4.8: Example of window the way the user should see it. The node in the middle at the center is reacting to the arrow and
displaying information.
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As the result of this work process, a draft version of The Tree of Nature, showing a tentative main or
index page, fourteen of the thirty-seven cladogram sections, and one example of a “What is…?” section
was devised. It was still not on the Internet, but it was fully functional and testable, at least on the
laptop where it was made. The next step was to show it to at least one specialist in the field, looking for
advice before continuing the process of creation.

4.7. Stage 6: Complements
The prototype website was shown to specialists in taxonomy in various departments at the University of
Otago. These meetings resulted in the following improvements being made:

4.7.1. Addition of Sources at Bottom of Each Page
The sources of information, either books or websites, were added to each window. In specific windows
only the specific sources for each topic were included, while a general list of sources was added to the
main page (Figure 4.9).

4.7.2. Addition of Photographs with free Creative Commons licenses
Creative Commons is a free licensing system that allows the author of an image, song, or any kind of
artistic work to state its ownership and also indicate the degree of freedom any member of the public
has to use this image for their own work. If a photo has a Creative Commons license, any person can use
it on another site, by simply fulfilling the conditions indicated in the license by a code of characters:
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-Attribution (BY): states that the condition for using the image is simply to indicate the name or
username of the owner and add a link to his or her personal site.
-Non-Commercial (NC): states that the photo can be used only for non-commercial purposes.
-No Derivative (ND): states that the photo can be used only in its original form, not allowing any kind of
modification.
-Share Alike (SA): states that the photo can be used only if the user uses the same combination of
licenses as the author. In combination with other licenses, this could be useful to allow other users to
distribute and make modifications but only for nonprofit purposes.
So as an example, if we wanted to use a photo from another website on The Tree of Nature, the process
would be to put a link to the owner’s site on the photo itself, and then to write under the photograph:
“Artwork by Chuck Norris CC-BY-NC-SA”. This indicates that the owner allows us to use, distribute, and
even modify the image only if we give credit to him, but we can not use it for commercial purposes and
we must state the same licenses that him for his work on our site (creativecommons.org)
Each “What is…?” section includes at least two photographs of the mentioned organisms. Each photo
indicates its actual ownership and the conditions stated to use them (Figure 4.9).

4.7.3. Ownership of My Own Images
Protection of the author’s ownership of the website images, particularly the drawings, was also
necessary.
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All the drawings included on The Tree of Nature were also uploaded to a DeviantArt account
(www.viuh.deviantart.com). DeviantArt is an online community where artists in a variety of areas can
show their work, sell it, and protect it through the system of Creative Commons Licenses.
Furthermore, at the bottom of each window of The Tree of Nature a button and a caption were added
to indicate that all the artwork is protected by a Creative Commons license. The site provides links to the
official Creative Commons site and also to the DeviantArt account (Figure 4.9).

Figure 4.9: Example of the bottom part of a window the way the user would see it; showing the application of licenses for
photos both from the site and other sites, their sources, and an official citation for the public.

4.7.4. What is Taxonomy?
Considering that the website was designed for people who did not know the concept of taxonomy, a
section was added to the website describing and defining this science.
The approach for doing it was metaphors accompanied by images. The metaphor used was a chaotic
supermarket, where all the products were spread randomly and the task was to put them in order once
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again. Then the classification-by-level supermarket’s criterion was compared to the classification of
organisms made by scientists.
Then the section defines the binomial system, explaining that in order to give a new name to every
creature in an international common language (Latin), it was necessary to overcome confusions of
multiple languages. The section also explains how those two names were useful to identify a specific
group and a species inside this group.
Finally the section shows an example of a cladistic diagram or cladogram. It explains how traits from the
environment can favor some individuals from a species among others. Then it explains how this
phenomenon can split the species in different populations with different characteristics, and, from
them, create the basis for the generation of new species. This phenomenon allows the survival of some
species, the extinction of others, and the coexistence of ancestors and descendants at the same time.

4.7.5. Material for Teachers
Another suggested addition was a section on Material for Teachers. The aim here was simply to indicate
any source, especially books and websites, which could be useful for a teacher to explain the concepts of
taxonomy, classification, and evolution. The suggested bibliography was: The Variety of Life by Colin
Tudge (2000), the Tree of Life Project website (1994; www.tolweb.org), Every Living Thing, by Rob Dunn
(2008), and Life as We Do Not Know It (2005), by Peter Ward. The section is open for new suggestions
and additions.
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4.7.6. Non-Cellular Life section
One of the most important points raised in discussions with experts was “What if a child asked how life
started? What answer would this website give to questions like this?”
The original plan of The Tree of Nature started with the categories of Bacteria, Archaea, and Eukarya, all
of them organisms composed by cells, but this question encouraged me to research other kinds of
possible life, which could be closer to the origin of life.
Scientists still debate how life started. Cells are considered too complex to have arisen as the first kind
of life, while other creatures, like viruses, viroids, and prions, show characteristics common to living
beings, while lacking others. Colin Tudge totally rejected viruses in his The Variety of Life (Tudge 2000)
arguing that “nobody knows what they are”. In contrast, Peter Ward in his Life as We Do Not Know It
goes as far as creating a whole taxonomic clade only for non-cellular life.
The strongest argument against viruses as being “living” beings is that there is not an obvious
evolutionary connection or “link” between them and any other kind of life. Also they cannot replicate by
themselves and do not present any kind of metabolism, while outside a cell (Madigan 2010).
On the other hand, the arguments that support them as life are the presence of a genome that is
permanently mutating and evolving, producing new strains; the possibility of classifying them according
to a visible progress in their complexity and, last but not least, their possibility of invading all and every
organism that exists on Earth. These characteristics are seen by scientists as the evidence that viruses
could be as old, or even older than any kind of cellular life (Ward 2005; Bennet 2008; Madigan 2010).
Considering these facts, the main map of The Tree of Nature was headed with the link “¿First Living
Being?” which emphasizes that the origins of life are still unknown. The double question marks are a
feature from Spanish. I decided to use this as a way of stressing the status of enigma at this point,
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without using too much space. Then the cladogram is divided into two new points: “¿First Cellular Life?”
and “Non-Cellular Life”. In this way, the site shows that there could be something before cellular life and
that how the first cellular life looked is still a mystery (Figure 4.10).
The main reason why viruses and viroids were included as life was the progressive complexity that is
evident in them.
If we start with viroids (replicators able to infest plants) we will see them as a totally naked genetic
particle, lacking any kind of membrane or protein envelope. Moreover, these particles are composed by
a ring of single stranded RNA (a nucleic acid that contains ribose as its sugar molecule instead of the
deoxyribose present in DNA). In other words, viroids possess the simplest kind of genetic material
known until today (Audesirk and Audesirk 1993; Fauquet, Mayo et al. 2005; Ward 2005; Madigan 2010).
In viruses, we would be able to see a protein envelope covering the genetic material. The genetic
material itself also presents a visible evolution. The variety of viruses shows us specimens with single
stranded RNA, double stranded RNA, single stranded DNA, partially double stranded DNA, double
stranded DNA, and even other variations related to their way of replication (Audesirk and Audesirk
1993; Fauquet, Mayo et al. 2005; Ward 2005; Madigan 2010).
All cellular life, including bacteria, archaea, and eukaryotes, uses double stranded DNA as genetic
material, but in non-cellular life, we can track back the evolutionary history of genetic organization itself
(Audesirk and Audesirk 1993; Fauquet, Mayo et al. 2005; Ward 2005; Madigan 2010).
I decided to exclude prions from the section. Latest research has shown that prion particles consist of
protein naturally present in animals, and that the causes of diseases like Bovine Spongiform
Encephalopathy (Mad Cow Disease) are mutated versions of these proteins. So the possibility of these
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proteins being a product of a genetic malfunctioning, seems more likely than to be living beings arisen
independently (Audesirk and Audesirk 1993; Fauquet, Mayo et al. 2005; Soto 2006; Madigan 2010).

Figure 4.10: Main or index window, after the latest modifications.

The progression shown by non-cellular life seemed to me the simplest way to classify these kinds of
beings, and, most important, the best way to show the public what we know about the evolution of life
in its more primordial known states. This is the only section of the site which does not use a tree scheme
to show evolution, but simply lists the different groups in a specific order.
I had to make an important decision about how to show non-cellular life to the public, since there were
two official classifications suggesting totally different approaches to the topic: the International
Committee of Classification of Viruses classification and the Baltimore classification. The first one fitted
better into a cladistic scheme, but the criteria they used to classify viruses were mainly chemical
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characteristics, difficult to represent graphically and complex to explain, so this scheme was discarded.
The Baltimore Classification was the one that suggested the classification according to genetic material
organization, dividing the viruses into seven classes whose differences were relatively simple and easy to
illustrate and explain. However, the Baltimore classification presented these classes in a random order,
which could have been confusing to any user who tried to see an evolutionary progress in the viruses
shown on the website (Cracraft and Donoghue 2004; Fauquet, Mayo et al. 2005; Madigan 2010).
Due to the above mentioned reasons, I decided to abandon all official classifications, and suggest a new
order, which, despite using the same seven groups of the Baltimore system, disposes them in a way that
does not impose, but simply suggests a progression from one virus class to another.
Concerning the main question which started the creation of this section, for a child it would be
confusing, and maybe even frustrating, to hear or to read all the hypotheses about how life started,
rather than to be given a concrete answer. So, I think the best option is to accept with humility, that
science does not have the answer. At the same time, I try to include as much information as I can to give
the reader the possibility to understand which are the clues guiding scientists in the quest to solve this
big question.

4.7.7. Citation
The idea of the citation came from the system of quotation in the University of Michigan’s website,
known as Animal Biodiversity Web (www.animaldiversity.ummz.umich.edu). Its goal is that any student
who wanted to cite information from the umich.edu site, could have an official citation to use in his or
her work. So if, for example, the user entered the section “Animals”, he or she would find this statement
at the bottom:
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To cite this page: Myers, P. 2001. "Animalia" (On-line), Animal Diversity Web. Accessed July 29, 2011
http://animaldiversity.ummz.umich.edu/site/accounts/information/Animalia.html

The website has a specific citation for all and every of its windows, and it also registers the date when
the user visited it. To make a different citation for all the windows of The Tree of Nature and to add a
javascript for date registration was considered useful, but not a priority. So the final decision was to
devise a simpler citation useful for all the website’s sections. The citation at the submission of this thesis
was:
Citation: García, A.I. 2011. The Tree of Nature (Online) at http://thetreeofnature.com (Figure 4.9)

4.7.8. Diversity section
The Biodiversity section was suggested by an expert in microbiology, as a way to make the public
understand that the animals and plants people normally know are just a tiny bit of the real diversity of
life on Earth.
The first idea was to define Biodiversity, but research showed that Biodiversity is actually a relatively
ambiguous concept, which can have several meanings according to the perspective taken. The visions
for biodiversity I have found are actually seven:


Genetic diversity



Organism diversity: variations in anatomy, physiology, and behavior of a single organism



Population diversity: number of individuals in an area



Species diversity: number of species in an area



Community: number of interactions between organisms, populations, and species
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Ecosystem diversity: interdependence between biotic and abiotic



Landscape diversity

(Eldredge 2002).
So the final decision was to replace the concept of Biodiversity by the concept of Species Diversity,
which can be defined as the number of different species living in the same ecosystem or area (Eldredge
2002).
The concept of ecosystem has also some subjectivity in itself. It is usually defined as a system composed
by a biological community, an abiotic environment, and the interaction between both. However the
extension of an ecosystem is an abstract construct, which any scientist can define according to the
objectives of the research to do. In the case of our diversity section, I decided to take the entire Earth as
the ecosystem (Tansley 1935).
A definition of Species and Genus was added to the section “What is Taxonomy?” As the definition of
species is also ambiguous, in that it changes from one group of living beings to another (Audesirk and
Audesirk 1993), the definition used for these two concepts was given a very simplistic approach.
Genus was defined as a unique name used to distinguish a single group of animals identifiable by simple
observation, as for example Androctonus or the “Mankiller Scorpions”. Species was defined as a second
name, useful to distinguish a specific group with one or a few characteristics that make them different
from the rest of the genus, for example marrocanus or “From Morocco”. Consequently the final name
used for this species was Androctonus marrocanus, or the “Mankiller Scorpion from Morocco”.
With these definitions in place, the next step was to search for information about the number of known
species in the world and add it as a pie chart (Eldredge 2002). Further information was added, clarifying
that these data were from the known living species, and were likely to be just a tiny fraction of the real
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diversity on our planet, given that most of the real proportion of life is microscopic, and most of it is
composed of bacteria, archaea, and viruses (Dunn 2008).

4.8. Stage 7: The Tree of Nature Beta
Even though only about half of the sections about creature groups had been finished, The Tree of
Nature was fully functional and now vastly complemented. With the feedback from specialists already
obtained and applied, the next step was to try it out with the public.
The website was uploaded on the Internet, and the link sent to a specific list of people, controlling
factors such as age, level of studies, and degree of specialization in the biological field.
Uploading the website to the Internet took basically three steps. The first step was to buy a dominion or
web address; second, to upload all the website information to a host service; and third, make the
connection between the domain and the host to finally run the site on the Internet.
The dominion was bought at Domains4less.co.nz The host used was the centre for Science
Communication School account on JustHost.com
Through personal contacts, the link for the site was sent to fifty people from a range of backgrounds,
from sixteen to sixty years old, from countries as different as New Zealand, Chile, Argentina, Peru,
France, Nigeria, Panama, and Spain, with totally different jobs or studies, and different levels of
knowledge in biology.
In general, the feedback from these site testers was positive. Almost all of them found the website easy
to explore, the mechanics easy to understand, and the images attractive and engaging. The suggestions
in most cases were for improving these three aspects: changing the font to a more legible one; making
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the background colors softer and the drawing colors stronger; taking out the shadow effect from the
branches of the cladograms; making more evident what is clickable and what is not; correcting English
mistakes; and making the main title bigger. All these suggestions were implemented, whereas
suggestions such as to add music, animations, or a search bar were not considered a priority and were
ignored. One suggestion was about adding security scripts for protecting the site from hackers. This task,
being considered something beyond my current skills, will be taken care of later.
For making more evident what was clickable and what was not, I applied two changes. First, on the
Index or Main page, I added next to the Non-Cellular Life figure an image saying “Click!” which pointed
to the virus illustration, as a way of emphasizing that the drawings were links. Secondly, I used the same
strategy for the nodes on the figures on the Main page. So, when the user passes the mouse arrow
across an image, a text bubble will appear with some information. In this case, all the figures have a
particular sentence, just to give the illusion of talking to the user while giving information. For example,
the bacterium representing bacteria says “I’m not the first life after all!” and the lancelet representing
the chordates says “Everything is better with a backbone!” (thus referring to its notochord).
Finally, the website was checked for spelling and grammatical errors, by both an expert Chilean English
teacher and my supervisor.

4.9. Stage 8: Science Teller Festival
Every two years, the University of Otago organizes at Dunedin campus the event known as the Science
Teller Festival. Each year, really well-known specialists from the field of science communication are
invited to deliver talks and to lead workshops, and also show their recent work to the general public in
the form of documentaries, workshops, and museum exhibitions.
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At the same time, the students of the Science Communication Department have the opportunity to
show their creative work to the public. This is an excellent opportunity to measure the wide acceptance
of their product and to get feedback.
While for the first testing of the beta version of The Tree of Nature, 50% of the website material was
enough, for showing it to the general public, it was necessary to have it as complete as possible. Most of
the pending creature sections were drawn and added during the last two months before the Festival.
Despite the fact that for the first survey the tree lacked the plants, insects, crustaceans, and all
vertebrates, for the Festival most of the chordates and vertebrates were ready. On submission of this
thesis, 80% of the website sections are online. The sections still missing are the plants, insects,
crustaceans, ray finned fishes, birds, marsupials, ruminants, and carnivore mammals. All these sections
will eventually be added.
Moreover, just before the Festival, a new section called The Size of Things was added. The Size of Things
was originally a visual podcast created to show a progressive comparison of the size of different living
beings, in the form of drawings showing the proportions from a whale to a virus. The Tree of Nature
needed a way to show the public the scale in size of the many creatures represented, at least in a
general way. As the drawings of The Size of Things had a similar style to the ones in The Tree of Nature,
the final decision was to add not the podcast itself, but the drawings of the podcast in this new section.
The exhibition itself was composed of a screen showing the website, complemented by some
informative posters and some elements to promote it and get feedback. The first element the observers
saw was all the original drawings from The Size of Things pasted on the wall next to the table and
ordered from top to bottom from the biggest animals to the smallest. There were also two posters: the
first one was a smaller replica of the official promotional banner (Figure 4.11) showing the title of the
Thesis, a one sentence explanation about the thesis and the website topics, the name and school of the
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author, and finally the website address. The second poster was a printed version of the “What is
Taxonomy?” section, giving an explanation of the logic behind classification. Next to the screen, there
was a pile of survey forms with six simple questions about the users’ experience when trying the
website, as a way to get feedback from them, and finally there was a set of free stickers. Each sticker
had the image of a creature from the site, and the website address.
The survey had six questions, four of them answerable simply by ticking one of five circles, and the other
two asking for simple information, like age or a general opinion (Table 4.1).

Your opinion counts!
Help The Tree of Nature grow with your feedback :)

Mark one circle for each question
1-Was the website easy to understand?
2-Was the website easy to explore?
3-Did the website encourage you to explore it?
4-Did you learn something new from the website?
5-How old are you?
6-Any comments?

Not at
all

A bit

Enough

A lot

Totally

O
O
O
O

O
O
O
O

O
O
O
O

O
O
O
O

O
O
O
O

Thank you very much :)

Table 4.1: Example of survey form used for the Science Teller Festival exhibition.

Unfortunately, perhaps due to the inconvenient location of the exhibition at the back of the museum
gallery, the number of people who visited the exhibits and tried the website was far fewer than we
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expected. In the end, only seven of the seventy five printed surveys were filled. Despite this, the
feedback given in these few filled surveys, plus the comments obtained on the first survey made before
the festival, was considered enough to understand the impression The Tree of Nature made on the
general public. All responses to the questionnaires are given in Appendix II.

“Fantastic website, very informative, amazing drawings, very clear.”
Anonymous survey comment

“Very interesting and entertaining. I learnt a lot. Thanks so much for the opportunity. Congratulations.”
Anonymous survey comment

Figure 4.11: Official Banner of The Tree of Nature Thesis
Project. The text in italics says:

“The most fascinating of this apparently simple scheme, was
that this tree was actually telling a story, the story of how life
had to fight its way through the thousand and one dangers The
Earth has thrown at it, and how the answer to all and each one
of these dangers, was always a new form of life.”
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4.10. Stage 9: Analysis of the Results
The first survey showed that the opinion of the public, independently of their gender, age, nationality,
or degree of knowledge, was generally favorable (see Appendix II). Most of them commented that the
website was visually attractive, simple to explore and understand, and that it showed lots of information
in a way that was fun enough to keep them exploring and looking for more. In all cases their comments
were suggestions to improve the site, especially in the visual aspect, and most of these suggestions were
taken and fulfilled.
Similar results were obtained from the second survey. From the seven people who filled it in, four were
young adults, between eighteen and twenty-nine years old, a fifth was an eleven-year-old child and the
last two were forty-one-year-old and sixty-three-year-old adults. All of them put favorable marks in the
first four questions, the lowest mark being “a bit” for question number four in one of the surveys. Three
of the surveys were completely filled with maximum marks, while the rest of the testers gave more
distributed opinions.
The comments of both older and younger people seemed to focus on the visual aspects and the
contents from the site, while the comments of young adults tended to focus more on the technical
aspects, once again suggesting possible improvements for its performance.
One of the comments stated that “The nodes lead nowhere”. This, plus a few other personal comments
from people who did not understand the purpose of the nodes until it was explained to them, makes me
conclude that the nodes are barely fulfilling their task of giving information about the cladistic schemes.
In the future it will be necessary to devise another system for this matter, simpler to understand and
more effective in giving the information the nodes are supposed to give. Their purpose is to convey the
names of subdivisions inside the cladistic schemes of the site.
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From the few comments I collected, two caught my attention in particular. Both were asking if the
images of organisms could themselves be a link to some information about the creatures themselves. In
chapter four this possibility was discussed as one of our objectives during the first planning of the
website. However, limited resources and especially timing, made me discard the idea and the sections
“What is...?” were put in the place of the requested links.
Nevertheless, comments like these show us that users were actually engaged by the first impression the
website gave them, and that they explored it looking for more. To create a new window for each and
every one of the groups of creatures exposed on The Tree of Nature, would be probably a task for
another entire year long project, needing a complete new literature research to get all the necessary
information. However, this would be the definitive way to complete The Tree of Nature in all its levels
and make it the tool people need to get information about life on Earth.
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Conclusion
We, as human beings, as a species, and as a civilization, are completely dependent, for every matter, on
all the kinds of life that surround us. Despite this, because of our lifestyle, in which most people only
needs to focus on their role in society (say jobs) to have a stable and safe life, most people are unable to
see the entire picture of the giant ecosystem that is Earth, and remain ignorant about all the life that
surrounds them and how important it is.
The history of life on Earth is told by its species. Each species has appeared on the planet as an answer
to the innumerable challenges and threats our world has posed to life itself, evolution being the driving
force which has conducted this eternal process from the start of life to the present.
The science in charge of studying this history and these patterns is called taxonomy. This science and its
methods have endured a long and sometimes controversial series of changes. Each time a new discovery
about life overthrows the conceptions man has about nature, taxonomy has had to adapt itself to this
new reality, passing from a totally utilitarian vision of life, with men on its center, to a naturalistic
conception, where man is no more than a grain of sand in this huge beach called life.
Today, the most well accepted methods for taxonomy are the Linnaean classification and the cladistic
school, which seem to be accurate enough to show the phylogenetic relationships between species and
flexible enough to adapt themselves to any new discovery in the domain of biology.
Taxonomy plays a central role in the relationships between all biological sciences, and its methods are
the perfect way to show people the diversity of life on Earth. However, this science and its information
remain unknown to non-specialized people who, despite benefiting indirectly from the products of
other sciences which depend on taxonomy, are not encouraged to explore further than their daily life.
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Taxonomy has been badly communicated. Mass and education media do not show it in ways that could
make people understand its real role and importance, nor making it interesting enough to encourage
new generations to explore and comprehend it.
It was in this context that The Tree of Nature was conceived as a solution to these problems, combining
the best advantages of written and digital media. Its objective was to reach people, showing a new
version of a cladistic scheme including all known life in the history of our planet. It was also devised to
be as engaging, simple, intuitive, and accurate as possible.
In order to fulfill these tasks The Tree of Nature focused on the visuals, giving as much information as
possible through images and schemes. It used text only in the deepest sections once the user was
already engaged by the visual part, and avoided showing the non-scientific user as many complications
as possible.
The website was tested several times with specialists and twice with the general public. Their feedback
and suggestions were applied to an extent considered possible and convenient. The final conclusion is
that The Tree of Nature, as a concept and communication device has had a really good reception from
all the kinds of public, and has become over time really close to being the information tool it was
conceived to be at the start of the project. The Tree of Nature is ready to be launched to the public, and
it will be a useful educational tool for people of all ages.
However, there is still a lot of work to do. The tasks for the future include completing the sections that
are still missing; changing the system of nodes into something more effective; making the necessary
publicity for the site on the Internet, social media, and scientific circles; and, in the medium term,
creating informative sections about all the creatures exposed on each page. One of the favored
possibilities for this last task is to use a blog, each entry of the blog being a little article about a creature
or a group of creatures, and then linking each article on the blog to an image on The Tree of Nature.
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From the start of the project to the present day, the feedback of the public, general and specialist, has
been a vital source of information for improving the performance of the site. With that fact in mind, the
best way to proceed from now on would be to continue showing The Tree of Nature to the public in its
unfinished status, hoping for the best answers from people, as it has always been the case.
A comment from one of the examiners has given me a new idea for solving one of the tasks mentioned
earlier. This is the idea of linking the site to other sites related to the topic, especially for getting
information about specific creatures. A few lines above I suggested the possibility of creating a blog, and
linking its individual articles to The Tree of Nature. However, the possibility of looking for other reliable
sources which to direct the public to, would be not only a way of saving work, but a way of making The
Tree of Nature part of the scenario of scientific information media.
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Appendix I: What you can find about Taxonomy in the Mass Media
I would like to show some examples about what I found in mass media about the topic of taxonomy.
1) Websites:


Wiki Species (Species.wikipedia.org): this might be the first website many people would visit. It
has three main characteristics: a search bar, a classification guide, and a “wiki” format that
allows anyone to add new contents. For the search bar I chose a word which could have many
scientific meanings and anyone could recognize. This word was “Puma”. Effectively this word
drove the search into many results. Puma as genus, puma as feline species, and “puma” used for
the binomial name of totally different creatures, such as molluscs. It proved to be very useful if
you want information about specific organisms.
In the classification guide, you start with a list of scientific names, in this case Bacteria, Archaea,
Eukarya, and Viruses. Each one of these is a link which drives you into another screen with a
new list of names. For example, Eukarya takes you to Protist, Fungi, Plantae, and Animalia (an
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Evolutionary old school classification) and each name is a new link that finally takes you to the
category of species.
In a “Tree” like this, the user only finds scientific jargon (names) without a single image to guide
his or her intuition (except at the level of species, which is, nevertheless, incomplete). Without
this kind of guides, the user soon would get lost opening a cascade of new screens. If the user is
not a specialist in the topic, this web site is completely useless.


Global Taxonomy Initiative (cbd.int): this site offers an accurate description of what taxonomy
is; why it is important; taxonomy’s problems, and what needs to be done to resolve them.
However, apart from this, there is nothing. Anyone who enters here will be really disappointed.



Global Biodiversity Information Facility (data.glif.org): it also has a search bar and a tree, like
Wiki Species, but with remarkable differences.
The search is divided into three categories: Species, Countries, and Datasets. So, if you put the
word “Puma” in “countries”, you will find the distribution and density of puma populations. If
you do the same in Datasets, it will guide you to the available bibliography about the word.
The tree starts with these divisions: Viruses, Archaea, Bacteria, Chromista, Protozoa, Fungi,
Plantae, and Animals. Then the tree expands in the same way as the Wiki Species page, until it
arrives to species. What the user will find here is even more disappointing than the abovementioned website. Once again he or she would find only scientific names without images, but
while Wiki Species had at least some descriptions about each topic, the only thing this page
shows is a map with the distribution and occurrence of species, genus, and so on.



Catalogue of Life (catalogueoflife.org): almost the same as Wiki Species, the only remarkable
difference is that it shows at least common names in the level of species.



The Tree of Life (tolweb.org): it has a search bar and a detailed tree. It starts with the three
principal domains (bacteria, archaea, and eukarya) and uses the same system of links guiding to
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new lists of the sites mentioned before. The big difference is that this tree follows a cladistic
scheme and also includes extinct lineages. Here the user gets images and some common names
as a guide while exploring the site. For example the link to “Coelenterates” has a little list of
what the user will find (jellyfish, anemones, and corals) in brackets. Finally, at the level of
species, the user will find an image, the common and scientific name of the creature, and some
basic information and bibliography about it.
Despite these advantages, the system of “windows to more windows” is still slow, and
sometimes confusing.

2) School Textbooks and general science books (ordered by year of publication):


Biology, Arms, K. and P. S. Camp, 1982
This book defines the concepts of taxonomy, species, and binomial System. It tells a bit of the
story of the science (Linnaeus), and presents a classification diagram using the classic example of
humans, from kingdom to species. Finally, it explains why the authors still use the system of five
kingdoms, simplicity being the strongest argument.



Biology, Curtis, H. and Barnes N. S., 1989(Curtis and Barnes 1989)
It defines taxonomy, species, the hierarchy of seven levels (from kingdom to species), and the
three schools of classification (Evolutionary, Phenetics, and Cladistics). Finally the authors spend
a chapter on each one of the five kingdoms.



Central Concepts in Biology, Jones, M. and J. Gregory, 1995(Jones and Gregory 1995)
It defines taxonomy and the Linnaean system, including its history. Then it explains the
hierarchy of seven levels, but does not even show which kingdoms exist.



Focus on Science, Vellacott, J., 1996 (Vellacott 1996)
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It explains the concepts of species, genetics, and inheritance, but it says nothing about
classification.


Biology, Life on Earth, Audesirk, T. and G. Audesirk, 1996
This book defines taxonomy and the binomial system. It explains several methods of species
comparison and shows a classification of seven levels and five kingdoms, including a table with
the known kingdoms, phyla, and some classes with their common and scientific names. It
clarifies that new research has changed the known Tree of Life and mentions the
archaeabacteria, but chooses openly to leave the five kingdoms for simplicity. Finally at the end
of the chapter dedicated to taxonomy, it includes a few essays from different authors, to justify
how difficult it is to arrive to a consensus on classification topics.



Biology Demystified, Layman, D., 2003(Layman 2003)
This book defines taxonomy and the system of seven levels with five kingdoms, arguing that it is
“the simplest”.



Life Sciences for the Non-Scientist, Zaman, V., 2005(Zaman 2005)
This text explains evolution, natural selection, Lamark theories, and embryology, but it just
includes a really bold visual diagram of a taxonomic tree.

3) Natural History books (in order of publication):


Life on Earth, Attenborough, D., 1979 (Attenborought 1979)
This book describes the history of life on Earth with details about many organisms. It includes a
simplified tree using images and only common names. It does not distinguish kingdoms or
phylogenetic relationships between groups. Bacteria are just a tiny part of the illustration.



Prehistoric World, Moody, R., 1980
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It explains the need of standard names in classification and how the binomial system manages
information (see example on page four). The book tells the history of taxonomy and claims the
cladistic method as the most revolutionary and the definitive one. Finally it shows two trees
with conceptual illustrations, one for animals and another for plants. Other kinds of life are not
considered.


Life of the Past, Lane, N. G., 1986 (Lane 1986)
The book defines species, the binomial system, the seven classification levels, and emphasizes
the need to put order on species and the relations between classification and evolution.
However it defines only four kingdoms, excluding the fungi completely.



The Evolution of Life, Gamlin, L. and G. Vines, 1991 (Gamlin and Vines 1991)
It defines taxonomy including its history, and then spends several pages defining and justifying
the use of the cladistic method. Finally it uses the next chapters for showing different life groups
in detail, but uses arbitrary divisions like “Flowering Plants” or “Lower Invertebrates” in most
cases without showing their classification or the relationship between these groups.



A Field Guide to Prehistoric Life, Lambert, D., 1994 (Lambert 1994)
It defines the binomial system and an eight level classification with three domains and five
kingdoms, using a diagram of human classification to show it. Moreover, it shows a diagram of
the major phyla using only common names and an image for each one.



The Crucible of Creation, Morris, S. C., 1998 (Lambert 1994)
This book only shows a diagram defining the seven level systems with human classification as an
example.



Atlas of the Prehistoric World, Palmer D., 1999 (Palmer 1999)
It shows the history of life on Earth, but it says nothing about classification.



The Rise of Animals, Fedonkin, M. A. and J. G. Gehling, 2008 (Fedonkin and Gehling)
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It includes just a basic example of a tree using only scientific names.


Prehistoric, Collectif, 2009 (Collectif 2009)
This book defines classification and phylogeny with a bit of history. It shows an example of
classification with eight levels (from domain to species), and finally it shows a diagram of
classification, detailing only some groups and including arbitrary groups. For example, “Animals”
is opened into “Vertebrates” and “Invertebrates”; moreover, there is only a succinct description
for invertebrates while vertebrates are split into several categories.

4) Science Encyclopedias (in order of publication):


The Cambridge Encyclopedia of Life Sciences, Friday A. and D. S. Ingram, 1985
Well detailed classification of domains, kingdoms, and phyla, with explanations and illustrations.
The book groups all living beings into five categories: Viruses, Monera, Fungi, Plants, and
Animals. (Friday and Ingram 1985)



The Guinness Encyclopedia of the Living World, Gardiner, B. and P.D. Moore, 1992
It defines taxonomy with its history, the binomial system, seven levels (with a table of human
classification as an example), and the three classification schools, going deeper on cladistics. It
also includes a basic tree.



The Encyclopedia of Evolution, Milner, R., 1993 (Milner 1993)
This Encyclopedia does not include the words “Taxonomy”, “Classification”, “Phylogeny”, or
“Phenetics”, but spends more than a page defining Cladistics, including a Tree of Life figure with
scientific names and conceptual drawings.



Concise Encyclopedia of Nature, Burnie, D., 1998 (Burnie 1998)
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This book defines taxonomy, systematics, binomial nomenclature, and seven level systems with
five kingdoms. Then it spends a few pages for going deeper on organism groups, separating
them arbitrarily (for example, “Flowering Plants” or “Bacteria and Viruses”).


Encyclopedia of Evolution, vol. 1, Pagel, M., 2002
It defines taxonomy with its history, the hierarchic (binomial) system, and compares the three
schools, using illustrations as examples.

5) Books dedicated to Taxonomy:


A Synoptic Classification of Living Organisms, Barnes, R.S.K., 1984 (Barnes 1988)
The complete book is a classification of organisms. It takes the 5 kingdom system as a consensus
after clarifying that “no system is the best”. It uses a system of titles and subtitles for showing
kingdoms, phyla, and orders, using a single conceptual drawing for each phylum.



The Variety of Life, Tudge, C., 2000
The book defines taxonomy, its relation with evolution, and gives a detailed history of it,
explaining all concepts involved (for example, embryology, homology, chemical comparison,
convergent evolution, etc.). It shows all the problems of taxonomy, both historical and current;
and the three schools and their visions. It offers a guide of “how to use this book”, and finally
starts a cladistic classification of all known life, including living and extinct forms. The book uses
a schematic tree, which first shows a section of life (starting with domains), and then indicates
the reader where to go to see deeper information about what he or she is looking at the
moment and where to go for opening the next section. The book includes scientific and common
names, and images at all the branches of the tree. The illustrations are not conceptual, but
examples of concrete species of each group.
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This system allows the reader to have a complete vision of the Tree of Life and also to choose
what he or she wants to see in deeper detail.
The system applied in this book is the most suitable for basing my website project on. On
chapter 4 I explain in more detail how this book works and the similitude and differences
between its system and the one in The Tree of Nature.


Assembling The Tree of Life, Cracraft, J. and M. J. Donohue, 2004
It explains the logic of classification through the concept of the Darwinian Tree of Life. It also
explains the importance of taxonomy to science and society; defines the concepts of speciation
and diversity; and explores in detail all the known organism groups, analyzing the different
theories of their evolution, and explaining their biology. The book shows detailed cladograms for
each group, and uses illustrations and photos for schematic purposes. Finally it analyses the
current situation of taxonomy as a science, and the possibilities for its future.
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Appendix II: Survey Results
First Survey:


Sue Odlin, 64, New Zealand, Science Communication student: Why do some buttons say back
rather than main? Check spelling.



Gareth Barton, 24, New Zealand, Science Communication student: The images go really well
with the text; you could add an icon to the web address.



Maria Eugenia Aravena, 19, Argentina, Industrial Engineering student: Really well made, and the
drawings are fantastic. The RIP symbols were easy to understand.



Ignacio García, 22, Chile, Industrial Engineering student: The mechanics are easy to understand.
The cut in the background wallpaper looks bad; you should do something about it. The colours of
the drawings are a bit too pastel for this background.



Starista Jackobsen, 25, Chile, Theatre Designer: Take out the shadows from the branches. Make
the background simpler or softer and the drawing colours stronger. Change the font to a more
legible one, and make the main title bigger.



Iris Sepúlveda, 59, Chile, English Teacher: Attractive and happy; easy to understand; one thing
drives to the next.



Simón Chesta, 25, Chile, Lawyer: Perfect!



Zara Vera, 21, Chile, Graphic Designer: Simple, understandable, funny, really good for kids. Put
titles for each page.



Sebastián García, 24, Chile, Freelancer: The colours are a bit too soft. You could use Photoshop to
fix this.



Álvaro Saavedra, 26, Chile, Software technician: Put titles to the pages. Make more evident what
is clickable and what is not. Try to focus your public.
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Carlos Llanca, 25, Chile, Biomedical Informatics student: Readable, understandable, and
attractive, especially for kids.



Fernanda Zegers, 24, Chile, Graphic Designer: The contents are really well explained. It is easy to
navigate and understand.



Javiera Araya, 22, Chile, Arts Licensed and Sociology student: Add a section “what this site is
about” some people could not understand.



Valentina Vinet, 21, Chile, Journalism student: Really funny.



Jennifer Reyes, 19, Chile, Health Care student: Funny website with really interesting drawings.



Louis Lepperd, 17, New Zealand, Informatics student: Very cool. You should add the possibility to
get the images once clicked.



Olga García, 24, Chile, Nurse: Beautiful, attractive, really well made.



Camila Román, 19, Chile, Psychology student: Lovely! Is there going to be a Spanish version?



Bárbara Martínez, 20, Chile, Journalism student: Really fun to explore. Excellent drawings.



Nick Magon, 26, New Zealand, Medicine student: The typography sometimes looks too compact;
it is still readable but looks strange. The double question marks in the main page are weird too.



Niharika Long, 25, New Zealand, Marine Biology student: A really good source of information for
kids, easy and practical. The English needs a bit of correction.



Paulina Saldías, 15, Spain, high school student: Beautiful, agreeable, and easy to understand.



Vicente Monsalve, 25, Chile, Informatics engineer: Cute and well made for a non-programmer.
Beware of hackers!



Brian Dyer, 45, Chile, Aquaculture teacher: It is a really interesting idea to give an image and a
face to many creatures we just do not know.



Antonio Cortés, 24, Chile, Informatics engineer: Congratulations; even people who do not know
about the topic can understand it.
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María Curipán, 23, Chile, Deontology student: Beautiful! The drawings are just charming.



Silvia Vera, 52, Chile, Secretary and English teacher: I learned more in ten minutes here than in
all my school years.



Felipe Montenegro, 24, Chile, Nurse: Awesome, really didactic. You could put music to it.



Victoire Rozen, 21, Chile: Primary school teacher student: I liked it. The drawings were really
funny.



Angy Casanova, 21, Chile, Graphics designer: Really well made.



Renato García, 69, Chile, German teacher: The drawings are translations for lots of interesting
ideas about nature.



Camila Labra, 17, Chile, high school student: Incredible!



Camila Palma, 16, Chile, high school student: Funny and didactic. It gives a face and personality
to the creatures, and the possibility to imagine.



Moe Zerner, 25, Germany, Event producer: Really didactic, attractive, and simple. I will show it
to my friends.



Miguel Fernando, 30, Panama, Civil technical engineer: Interesting; it is like a big resume of a lot
of information. Maybe it is a bit too simplistic sometimes? Ideal for my children.



Daniel Suzarte, 25, Chile, Kinesiology student: Simple, precise, unique, with its own style, full of
funny details.



Dave Cooper, 60, New Zealand, retired business manager: Really easy to follow and understand,
it encourages exploring, and I even learned a bit from it.



Elizabeth Luna, 25, Argentina, Cinema student: Cute, a bit static. Maybe you can add some kind
of interactive tour.
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John Williams, 44, New Zealand, Science Communicator: Thanks for making it Creative
Commons licensed. It was not immediately clear what was clickable and what not. A search bar
function would be helpful. Look for literature about websites evaluation.



Cristian Carrillo, 25, Chile, Freelancer: Interesting, nice images, easy to follow.



Rebeca Montero, 19, Perú, Marine Biology student: Cute, skilful, well designed for kids. It will be
really useful when finished.



Fiona Davis, 48, New Zealand, Social worker: Interesting, just a few spelling mistakes.



Maureen Hoecke, 22, Chile, Arts Licensed: Really funny and didactic. It makes you want to
explore more.



Vivienne Bryner, 43, New Zealand, Geologist: Funny, simple, easy to follow, informative in topics
in which I was ignorant.



María Ochoa, 35, Chile, Nurse: Well oriented to the young, every detail is well covered, really
good drawings.



Samuel Ujewe, 29, Nigeria, Bioethics student: Wonderful site for children to learn lots about
nature.



Sofía Otero, 27, Chile, Science communicator: I like that the info is mostly delivered by images.



Claire Vautravers, 22, France, Project assistant: Funny website, your drawings are great!
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Second Survey:

Your opinion counts!
Help The Tree of Nature grow with your feedback :)

Mark one circle for each question
1-Was the website easy to understand?
2-Was the website easy to explore?
3-Did the website encourage you to explore it?
4-Did you learn something new from the website?
5-How old are you?
11
6-Any comments?

Not at all

A bit

Enough

A lot

O
O
O
O

O
O
O
O

X
O
O
O

O
O
X
O

Not at all

A bit

Enough

A lot

O
O
O
O

O
O
O
O

O
O
O
O

O
O
O
O

Totally
O
X
O
X

Thank you very much :)

Mark one circle for each question
1-Was the website easy to understand?
2-Was the website easy to explore?
3-Did the website encourage you to explore it?
4-Did you learn something new from the website?
5-How old are you?
18
6-Any comments?

Totally
X
X
X
X

Fantastic website, very informative, amazing drawings, very clear.

Thank you very much :)

97

Mark one circle for each question
1-Was the website easy to understand?
2-Was the website easy to explore?
3-Did the website encourage you to explore it?
4-Did you learn something new from the website?
5-How old are you?
19
6-Any comments?

Not at all

A bit

Enough

A lot

O
O
O
O

O
O
O
O

O
O
O
X

O
O
X
O

Totally
X
X
O
O

I wish there would have been some information about the animals (so a text for every animal), or maybe I
just could not find the link to a text.
Thank you very much :)

Mark one circle for each question
1-Was the website easy to understand?
2-Was the website easy to explore?
3-Did the website encourage you to explore it?
4-Did you learn something new from the website?
5-How old are you?
26
6-Any comments?

Not at all

A bit

Enough

A lot

O
O
O
O

O
O
O
O

O
O
O
X

X
X
X
O

Totally
O
O
O
O

The “nodes” link to nowhere. Perhaps the link could be removed and a tool tip (dreamweaver => spry
tooltip) added.
Thank you very much :)

Mark one circle for each question
1-Was the website easy to understand?
2-Was the website easy to explore?
3-Did the website encourage you to explore it?
4-Did you learn something new from the website?
5-How old are you?
29
6-Any comments?

Not at all

A bit

Enough

A lot

O
O
O
O

O
O
O
O

O
O
O
X

O
O
X
O

Totally
X
X
O
O

Overview at the beginning (main page)? Links from single images (ever to general info), information of
human evolution, discoveries?
Thank you very much :)
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Mark one circle for each question
1-Was the website easy to understand?
2-Was the website easy to explore?
3-Did the website encourage you to explore it?
4-Did you learn something new from the website?
5-How old are you?
41
6-Any comments?

Not at all

A bit

Enough

A lot

O
O
O
O

O
O
O
O

O
O
O
O

O
O
O
O

Not at all

A bit

Enough

A lot

O
O
O
O

O
O
O
O

O
O
O
O

O
O
O
O

Totally
X
X
X
X

Thank you very much :)

Mark one circle for each question
1-Was the website easy to understand?
2-Was the website easy to explore?
3-Did the website encourage you to explore it?
4-Did you learn something new from the website?
5-How old are you?
63
6-Any comments?

Totally
X
X
X
X

Very interesting and entertaining. I learned a lot. Thanks so much for the opportunity. Congratulations.

Thank you very much :)
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